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INTRODUCTORY. 


It  may  seem  superfluous  to  justify  tbe  publication  by  tbis  Depart- 
ment of  any  new  and  useful  information  that  has,  directly  or  indi- 
rectly, a  bearing  upon  tbe  cultural  conditions  of  tbe  country ;  yet, 
since  it  migbt  be  questioned  wbetber  tbe  investigations  wbicb  form  tbe 
principal  subject  matter  of  tbis  report  were  germane  to  tbe  work  of  tbe 
Forestry  Division,  a  few  words  to  establish  tbis  relation  will  not  be 
considered  out  of  place. 

Tbe  value  of  tbe  report  on  metal  ties,  as  a  compilation  of  bitberto 
unpublisbed  and  inaccessible  or  scattered  information,  will  be  self-evi- 
dent and  needs  no  argument  to  tbe  engineer,  for  wbose  direct  use  and 
benefit  it  bas  been  collated ;  but  tbe  indirect  value  to  tbe  country  at 
large,  and  to  tbe  forestry  interests  especially,  can  only  be  realized  by 
contemplating  what  eflect  tbe  application  of  tbe  information  bere  pre- 
sented may  bave  upon  our  forest  supplies. 

Previous  investigations  by  tbis  division,  notably  tbose  published  in 
Bulletin  I,  1887,  bave  sbown  that  the  railroads  of  our  country  not  only 
use  a  very  large  amount  of  forest  supplies  in  their  construction — prob- 
ably not  less  than  20  per  cent,  of  the  total  consummation  of  timber — but 
the  material  represented  in  this  consumption  is  largely  drawn  from  the 
thrifty  young  growth,  the  promise  of  the  future,  and  thus  tbe  timber 
crop  is  utilized  before  it  bas  reached  tbe  most  profitable  age  and  largest 
production  per  acre.  More  than  that,  the  most  durable  and  valuable 
timbers  only  are  desired  for  this  use,  and,  consequently,  the  forest 
areas  which  are  culled  of  these  valuable  kinds  must  necessarily  deterio- 
rate in  quality  as  regards  their  composition,  tbe  inferior  kinds  being 
left  to  dominate  and  exclude  the  more  valuable  kinds,  which  are  placed 
at  disadvantage  by  tbe  unintelligent  action  of  man  in  this  culling 
process. 

How  much  tbis  is  the  case  becomes  apparent  when  we  learn  from  re- 
liable investigations  that  in  tbe  forests  of  Kentucky,  where  white  oak 
represents  40  per  cent  of  tbe  natural  growth,  after  it  has  been  culled — 
mostly  for  railroad  purposes — tbe  new  growth  contains  not  more  than 
5  per  cent,  of  tbis  most  valuable  railroad  timber. 

Tbe  bulk  of  tie  material  is  now  largely  cut  from  second  growth,  es- 
pecially in  tbe  Eastern  States,  and  young  timber,  from  trees  that  will 
make  only  one  tie,  or  at  least  only  one  tie  from  a  cut,  is  called  for  by  most 
specifications  for  ties. 
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This  rapid  and  careless  consumption  of  the  best  parts  of  the  second 
growth  can,  of  course,  onl}-  be  hurtful  to  the  forestry  interests  of  the 
future ;  we  draw  in  this  way  upon  the  fund  which  we  shoukl  hold  in 
trust  and  allow  to  accumulate  for  the  use  of  the  next  generation; 
worse,  we  do  all  we  can  to  deteriorate  the  value  of  the  investment  by 
injuring  its  quality. 

It  has  been  shown  repeatedly,  all  assertions  to  the  contrary  notwith- 
standing, that  our  annual  consumption  of  wood  products  at  present 
exceeds  double  the  amount  of  wood  material  that  can  possibly  repro- 
duce itselt  annually  on  the  area  covered  with  wood  growth.  It  is,  there- 
fore, of  national  interest  and  within  the  line  of  work  of  this  Division  to 
call  attention  to  the  necessity  of  husbanding  timber  supplies,  and  to 
furnish  all  and  any  information  that  may  lead  to  a  more  economical  use 
of  these  supplies  or  a  substitution  of  other  material  where  this  is  prac- 
ticable. While  such  economy  is  desirable  in  all  directions,  it  is  espe- 
cially so  in  regard  to  tie-timber,  since,  as  has  been  stated,  for  this  purpose 
the  young  promising  crop  of  the  future  is  utilized  prematurely — and  that 
of  the  best  quality  and  of  the  most  valuable  timbers.  Furthermore,  it 
should  be  known  that  for  those  who  furnish  these  supplies  for  the  rail- 
road companies  there  is  but  small,  if  any,  i)rofit  in  the  trade.  The  ties  are 
in  most  cases  brought  to  the  railroads  by  holders  of  small  wood  lots,  and 
the  price  paid  is  hardly  more  than  fair  compensation  for  labor  in  making 
and  hauling  the  ties,  no  value  being  placed  upon  the  material  itself. 
The  su1)stitution  of  metal  for  wood — even  if  this  were  effected  readily 
and  without  delay — would  therefore  not  result,  as  may  be  anticipated  by 
some,  in  a  loss  to  the  owner  of  woodlands.  He  will  only  be  prevented 
from  killing  the  calf,  as  it  were,  before  it  is  full-grown,  while  it  has  lit- 
tle or  no  value,  and  he  is  paid  only  for  the  slaughtering;  in  the  end  his 
crop,  by  being  utilized  later,  will  yield  him  proportionately  more  in 
quantity  and  value. 

It  has  been  suggested  that  railroads  could  be  induced  to  substitute 
metal  for  wood  only  when  it  could  be  shown  that  an  increase  in  the 
price  of  wooden  ties  is  imminent.  As  will  appear  from  an  investigation 
recorded  in  this  report,  enabling  us  to  compare  conditions  of  the  pres- 
ent tie  market  with  those  existing  seven  years  ago,  the  price  paid  for 
ties  in  many  localities  is  now^  even  lower  than  it  was  formerly,  notably 
in  the  northeastern  States.  Yet  it  would  be  a  mistake  to  argue  from 
this,  as  a  general  proposition,  that  more  timber  is  in  the  country  than 
before,  that  forest  supplies  are  in  excess  of  demand,  and  that  prices  are 
going  to  decrease  continuously. 

The  law  of  supply  and  demand  as  affecting  the  price  of  this  com- 
modity is  vitiated  considerably  by  other  conditions  which  influence  the 
price.  It  is  the  excessive  offer  compared  with  the  requirements,  rather 
than  excess  of  actual  visible  supplies  available  for  the  long  run,  that 
places  the  purchaser  of  this  commodity  in  position  to  dictate  the  price, 
the  offer  coming  from  many  holders  of  small  parcels,  who  have  no 


kiiowkHl<ie  of  general  market  eoiHlidons,  and  lienee  can  not  take  ad- 
vantage of  a  eonipaiison  between  ac(nal  snp[)lies  in  view  and  demand 
for  tlie  present  and  future  in  adjusting  the  i)rice.  The  present  temi)o- 
rarv  oversupi)ly  w  ith  low  prices  may  be  followed  by  a  long-continued 
short  supply  and  higher  prices  without  any  preconceived  action  on  the 
part  of  those  who  market  the  sui)plies. 

A  timber  croi),  unlike  au  agricultural  crop,  is  capable  of  being  liar- 
vested  at  various  stages  of  development.  Timber  fit  for  ties  may  be 
cut  at  any  time,  from  the  twenty-year-old  sprout  of  the  coppice  to  the 
old  growth  of  the  virgin  forest,  and  the  offer  of  the  crop  in  this  sha])e 
may  be  excessive  at  any  time  without  necessarily  indicating  an  over- 
abundance of  forest  supplies  in  general  and  for  the  long  run.  The  acci- 
dental simultaneous  arrival  at  an  age  when  the  timber  is  fit  for  ties  of 
a  new  growth  over  a  large  area  may  also  in  a  given  region  make  sup- 
plies appear  plentiful  if  offered  in  that  shape,  and  therefore  for  a  time 
reduce  the  price;  but  this  present  oversupply  and  reduction  of  i  rice 
must  necessarily  be  at  the  expense  of  a  future  short  supply  and  increase 
of  price.  Another  reason  for  an  apparent  oversupply  of  tie  timber 
may  be  found  in  the  opening  up  of  new  sources  of  supply  on  such 
roads  as  are  capable  of  extension,  while  the  old  roads,  with  no  new  fields, 
to  enter,  will  necessarily  experience  a  constant  advance  in  prices  with 
decreased  offers,  and  will  be  the  first  to  have  recourse  to  metal  on  ac- 
count of  cheapness.  Tiiese  conditions  are  apparent  from  the  replies  re- 
ceived from  various  railroad  managements,  as  recorded  in  the  notes 
found  in  this  report. 

It  should  also  be  known  that,  within  limits,  a  railroad  management 
has  it  in  its  power — and  this  power  is  being  used — to  keep  the  price 
low  by  raising  freight  rates,  so  as  to  make  the  exportation  of  tie  timber 
from  its  territory  unprofitable.  The  condition  of  the  tie  market,  then, 
can  not  be  the  only,  or  oven  the  main,  criterion  as  to  when  the  time  for 
substituting  metal  has  arrived,  even  from  a  financial  point  of  view. 

But  it  is  not  a  consideration  of  initial  cost  that  makes  the  substitu- 
tion of  metal  ties  desirable  and  profitable.  It  is  superiority  of  track, 
permanence  of  road-bed,  safety,  reduced  cost  of  maintenance,  and  hence 
ultimate  saving  and  economy,  that  recommend  the  metal  tie,  as  will  be 
seen  from  a  study  of  the  experiences  in  foreign  countries  here  presented. 
It  will  be  a  matter  of  astonishment  to  our  railroad  engineers  to  find 
that  almost  30,000  miles  of  railroad  track  lies  on  metal  ties,  which 
means  over  15  per  cent,  of  the  railroad  mileage  of  the  world  outside  of 
the  United  states  and  (Canada.  The  claim,  then,  that  metal  ties  are  an 
experiment  and  their  general  adoption  premature  for  lack  of  experi- 
ence, will  have  to  be  abandoned,  as  based  simply  on  ignorance  in 
regard  to  the  real  state  of  affairs. 

The  report,  being  primarily  intended  for  the  information  of  railway 
managers  and  engineers  for  the  purpose  of  interesting  them  more  di- 
rectly in  the  introduction  of  a  substitute  for  wood,  is  necessarily  of  a 
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technical  character ;  it  is  full  of  such  details  as  alone  can  influence  the 
judgment  of  the  engineer.  The  laborious  task  which  Mr.  Tratman, 
without  Siwj  adequate  compensation,  has  performed  in  compiling  the 
experience  of  the  world  in  regard  to  this  subject  will,  no  doubt,  be  ap- 
preciated and  the  details  welcomed  by  those  most  nearly  concerned 
in  it. 

The  general  public  will  be  interested  only  in  the  ultimate  result, 
which  bids  fair  to  advance  the  use  of  more  permanent  types  of  railroad 
construction  in  the  United  States,  insuring  greater  safety  and  speed  of 
railroad  travel. 

The  forestry  interests  of  the  country  will  be  subserved  by  this  report 
In  a  practical  manner  by  spreading  this  information,  which  must  lead 
to  a  reduction  of  the  premature  and  illegitimate  drain  upon  the  forest 
resources  of  the  future. 

Perhaps  an  apology  is  due  to  the  reader  for  the  bulkiness  of  this  re- 
port, which  might  possibly  have  been  compressed  into  more  com[)act 
form.  The  desire  to  make  public  as  soon  as  possible  the  results  of  the 
investigation,  and  the  fact  that  Mr.  Tratman,  leaving  for  Europe,  could 
not  devote  more  time  to  the  literary  form,  must  stand  as  an  excuse  for 
the  deficiencies  in  that  direction,  which  a  carefully  prepared  index  will 
also  tend  to  alleviate. 

That  besides  the  adoption  of  metal  ties  there  are  other  ways  open  to 
railroad  managers  for  effecting  desirable  economies  in  the  use  of  wood 
supplies  has  been  pointed  out  at  length  in  former  publications  of  this 
division,  and  is  again  discussed  more  briefly  in  the  present  publication 
in  connection  with  a  canvass  recently  made  in  regard  to  consumption 
of  timber  supplies  by  railroads. 

A  curious  lack  of  proper  financial  calculation  has  been  noticeable  in 
th*?,  writings  of  engineers  when  discussing  the  profitableness  and  mak- 
ing comparisons  of  the  relative  value  on  the  balance  sheet  of  various 
systems  of  construction.  A  railroad  company  that  is  bound  by  neces- 
sity to  consider  only  the  initial  cost  can,  to  be  sure,  always  settle  at  once 
all  financial  questions  by  the  limit  of  cash  in  hand ;  but  few  corporis 
tions  are  in  such  straitened  circumstances,  and  the  question  constantly 
arises  whether  the  temporary  saving  in  initial  cost  is  preferable  to  a 
greater  initial  expenditure  which  insures — either  or  both— decreased 
expenditure  for  maintenance  and  deferred  expenditure  for  renewal. 

This  question  is  capable  of  solution  by  simple  mathematical  calcula- 
tion, as  will  be  shown  further  on  in  this  report. 

From  such  calculation  it  will  appear,  for  instance,  that  a  road  using 
ties  for  which  it  pays  50  cents  and  which  last  eight  years — like  white 
oak,  in  many  sections — can  aflbrd  to  pay  $1.20  for  a  metal  tie  lasting 
thirty  years  (the  presumed  life  of  such  ties)  and  be  sure  of  saving  at 
least  the  amount  required  for  the  renewals  of  the  oak  ties  during  thirty 
years;  or,  by  doubling  the  life  of  the  oak  tie  to  sixteen  years  by  means 
of  preservative  processes,  we  may  pay  35  cents  for  such  process  and 
would  still  find  an  advantage  on  the  balance  sheet. 
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In  conclusion.  I  nia>  express  the  li()i)e  tliat  the  information  here  pre- 
sented will  not  only  be  fonnd  ol'  value  and  be  welcome  to  railroad  man- 
agers and  engineers,  but  that  its  presentation  from  this  ollice  will  bring 
them  to  a  realization  of  their  duty,  as  an  intelligent  and  influential  class 
of  a  great  community  with  a  future  before  it,  to  give  thoughtful  atten- 
tion to  the  subject  of  forestry  in  general  as  one  of  tiie  necessary  econo- 
mies in  a  modern  civilized  state. 

Railroads,  while  the  carriers  of  civilization,  the  promoters  of  develop- 
ment, have  committed  many  sins  for  the  benefit  of  the  present  at  the 
expense  of  the  future  by  needless  forest  devastation.  Being  institutions 
of  a  permanent  character,  it  would  seem  that  their  manag(^rs  ought  to  be 
interested  in  anything  that  pertains  to  judicious  use  of  natural  resources 
and  to  ftivorable  cultural  conditions,  at  least  within  the  territory  which 
their  roads  traverse.  While  with  their  large  consumption  of  wood 
material  they  are  directly  concerned  in  the  continuity  of  forest  supplies, 
they  must  also  be  indirectly  concerned  in  the  prosperous  development 
of  their  territory,  and  that  proper  use  and  recuperation  of  forest  re- 
sources, proper  disposition  of  forest  and  field  areas  are  essential  to 
continual  development  of  prosperity  should  be  recognized  by  them,  and 
their  influence  to  secure  both  should  be  brought  to  bear  even  were  it 
only  for  their  own  selfish  interest. 

B.  E.  Fernow. 


Note  ExplanAtoby  to  Eepetnt.— The  opportunity  has  been  taken 
by  Mr.  Tratinau  in  this  reprint  to  make  slight  alterations  on  pages  284 
and  289,  referring  to  the  Brand  wood  tie,  and  to  enlarge  somewhat  the 
list  of  errata  to  be  found  on  page  5i^. 
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CONSUMPTION  OF  FOREST  SUPPLIES  BY  RAILROADS  AND  PRACTICABLE 
ECONOMY  IN  THEIR  USE. 

By  B.  E.  Fernow, 
Chief  of  Forestry  Division. 


The  requirements  of  onr  railroad  system  in  regard  to  forest  supplies 
have  been  discussed  several  times  in  publications  from  this  Division. 
A  comprehensive  canvass  in  regard  to  the  kinds  and  quantities  of  tim- 
ber used  for  railroad  ties  and  their  life  was  published  in  Volume  lY  of 
Forestry  Reports,  in  1884,  and  a  more  extensive  discussion  and  compu- 
tation of  the  consumption  of  forest  supplies  by  railroads  were  given  in 
Bulletin  1  from  this  Division.  A  canvass,  made  this  year  and  tabulated 
below,  was  undertaken  to  verify  some  of  the  conclusions  reached  and  to 
ascertain  what,  if  any,  the  change  in  supplies  has  been  during  the  last 
six  years,  as  far  as  change  in  prices  and  personal  views  of  managers 
might  indicate.  The  tabulation  by  geographical  sections  will  recom- 
mend itself  to  students  of  the  subject  as  an  improvement  on  the  alpha- 
betical one  adopted  by  Dr.  Hough  in  the  first  report  mentioned,  since 
forest  and  market  conditions  differ  so  widely  in  the  various  sections  of 
the  country  that  the  relation  of  railroads  to  tie  supplies  can  be  profita- 
bly discussed  only  from  local  points  of  view. 

The  larger  roads,  mainly,  have  been  canvassed  as  indicating  the  gen- 
eral and  most  prevailing  practice.  In  the  summary,  the  percentage  of 
mileage  to  which  the  report  refers  compared  with  that  in  operation 
within  the  section  is  calculated,  and  upon  that  basis  the  amount  of  for- 
est supplies  consumed  by  the  railroad  system  of  the  section  is  com- 
puted. Since  the  report  refers  to  nearly  60  per  cent. — ranging  from 
32  to  87  per  cent,  in  the  various  sections — of  the  total  mileage,  such 
basis  for  computation  will  furnish  a  sufficiently  close  approximation  to 
the  truth  for  general  discussion. 

The  consumption  of  ties  goes  for  new  construction  and  for  renewals. 
Both  these  uses  are,  to  be  sure,  exceedingly  variable,  the  latter  natu- 
rally being  influenced  by  the  increase  of  new  mileage  as  well  as  by  many 
other  causes;  only  a  general  approximation,  therefore,  is  possible.  The 
presentcanvassj)laces  the  number  of  ties  needed  for  repairs  at  60,000,000 
per  annum,  the.  figure  which  Mr.  Dudley  estimated  in  the  Bulletin  I 
referred  to,  and  somewhat  lower  than  that  figured  in  Mr.  Kernes  paper 
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in  the  same  publication.*  To  this,  as  has  been  there  shown,  13,000,000 
ties  may  be  added  for  new  construction,  or  in  round  numbers  our  pres- 
ent railroad  system  consumes  73,000,000  railroad  ties,  requiring  at  least 
365,000,000  cubic  feet  of  raw  material.  A  rough  computation  of  the 
proportion  in  which  the  various  timbers  participate  in  this  consump- 
tion allows  the  following  distribution  of  material : 

Oak  ties - 45,000,000 

Chestnut  ties , 3,500,000 

Pine  ties 12,500,000 

Cedar  ties  (red,  white,  and  California) 5, 000, 000 

Hemlock  and  tamarack  ties 2, 500, 000 

Cypress  ties 1,500,000 

Redwood  ties 2,500,000 

Various 500,000 

The  oak,  therefore,  our  most  valuable  timber,  furnishes  over  60  per 
cent,  of  the  material,  and  not  only  from  choice  trees  mostly,  but  from 
the  young  growth,  which  may  make  "one  tie  to  the  tree''  or  "one  tie 
to  the  (}ut.'' 

For  bridge  and  trestle  timber,  etc.,  another  60,000,000  cubic  feet  of 
sawed  material  are  to  be  added;  so  that  a  consumption  of  500,000,000 
cubic  feet  of  wood,  in  the  shape  of  forest- grown  (round)  timber  for  rail- 
road purposes,  which  was  claimed  in  a  former  publication,  stands  as  a 
reasonable  figure.  This  requires  the  annual  culling  of  the  best  timber 
from  probably  more  than  1,000,000  acres  of  our  natural  forest  lands ; 
and  to  furnish  this  amount  continually  not  less  than  10,000,000  to 
15,000,000  acres  of  well-managed  forest  would  be  required,  or  in  the 
absence  of  management — as  at  present — the  area  to  be  reserved  for 
this  purpose  would  have  to  exceed  probably  50,000,000  acres,  or  more 
than  10  per  cent,  of  our  present  forest  area. 

Since  the  railways  are  responsible  for  a  very  large  amount  of  the 
consumption  of  timber,  it  must  be  one  of  the  problems  of  a  rational 
forest  policy,  in  a  country  where  forest  management  is  not  yet  practiced, 
to  encourage  such  economies  in  the  use  of  timber  as  are  within  reason- 
able reach  of  railroad  managers. 

The  use  of  wood  and  the  method  of  using  it  are  largely  matters  of 
custom  everywhere.  In  the  United  States  the  enormous  supplies  which 
the  native  forest  yielded  have  induced  not  only  a  very  extensive  but 
also  a  very  wasteful  use  of  wood,  until  now  we  have  reached  a  point 
when  the  prospect  of  reduced  supplies  makes  the  study  of  economies  a 
matter  of  national  concern,  and  within  a  not  too  distant  time  private 
interest  will  also  awaken  to  the  need  of  it. 

As  a  nation,  with  our  present  conception  of  private  property  rights, 
we  have  but  little  opportunity  to  check  the  wasteful  use  of  our  forest 
resources,  except  so  far  as  this  can  be  done  by  disseminating  informa- 

*A8  will  be  shown  furtker  on,  this  figure  is  probably  over  30  per  cent,  below  actual 
requirements,  and  a  consumption  of  80,000,000  ties  for  renewals  nearer  the  truth. 
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tiou  which  will  lead  to  private  economy.  As  far  as  the  Government 
holdings  of  timber  lands — still  some  70,000,000  acres — are  concerned, 
certainly  a  rational  management  is  the  need  of  the  hour.  The  condi- 
tions in  which  this  common  property"  is  left  at  present,  even  if  con- 
sidered merely  from  a  business  point  of  view,  are  deplorable.  They  are 
a  disgrace  to  our  nation. 

In  recognizing  the  necessity  of  Government  action  with  regard  to 
forest  resources,  the  United  States  is  the  most  backward  of  all  civilized 
nations.  Not  only  have  all  the  European  nations  firmly  established 
forest  administrations,  for  at  least  that  part  of  the  woodlands  held  in 
the  hands  of  the  Government,  but  even  Japan  and  China  are  inaugu- 
rating such,  and  the  English  colonies  in  India,  Australia,  and  in  Africa 
are  fully  imbued  with  this  claim  on  Government  supervision.  Even  in 
Canada  the  future  action  of  the  Government  is  at  least  not  precluded, 
the  Government  retaining  title  to  the  laud  which  is  stripped  of  its  tim- 
ber, from  which  Canada,  in  fact,  derives  its  principal  revenue. 

The  consumption  of  timber  for  railway  purposes  includes  ties,  fences, 
telegraph  poles,  bridges,  trestles  and  culverts,  station-houses  and  other 
buildings,  rolling  stock,  fuel.  In  all  of  these  uses  most  companies 
would  find  it  to  their  advantage  to  study  economy. 

Economy  in  the  consumption  of  timber  may  be  effected  in  two  ways: 
(I)  By  the  use  of  other  materials  as  substitutes;  (2)  by  employing 
means  to  increase  the  durability  and  life  of  the  timber  used. 

The  possibility  of  substituting  metal  for  ties  is  fully  discussed  in  Mr. 
Tratman's  report  and  needs  no  discussion  here. 

While  it  can  not  be  expected  that  the  use  of  this  substitute  will 
be  brought  about  by  any  consideration  of  the  waning  forest  supplies, 
it  is  fortunate  that  the  advantages,  direct  and  indirect,  which  accrue 
from  the  use  of  metal  ties  are  such  as  to  recommend  their  employment; 
even  before  the  time  when  the  initial  cost  of  the  metal  tie  compares 
more  favorably  with  that  of  the  wooden  tie  and  its  financial  advantage 
becomes  palpable. 

Those  roads  which  have  a  sufficiently  permanent  and  sound  financial 
status,  to  allow  them  to  carry  on  their  operations  with  a  view  to  ulti- 
mate saving  rather  than  to  economy  in  first  cost,  and  to  consider  re- 
duction of  maintenance  expenses  the  financial  aim  of  a  well-managed 
railroad,  may  even  now  profitably  adopt  the  higher  priced  metal  tie. 

The  use  of  metal  for  the  construction  of  rolling  stock — not  only  car- 
frames  and  truck-frames,  but  of  entire  cars — has  proved  quite  feasible 
and  satisfactory.  The  economy  to  the  railway  company  will  consist  in 
reduced  cost  of  maintenance  and  repairs,  and  in  longer  life. 

A  mail  car  built  entirely  of  steel,  on  a  plan  patented  by  Mr.  Green,  was  put  in 
actual  service  on  the  Louisville,  New  Albany  and  Chicago  Railway  (Monon  route") 
some  time  in  1888,  and  Mr.  Watkeys,  the  master  mechauic  of  tlie  road,  informed  me 
in  September  last  that  the  car  is  still  in  use  and  has  <;iveii  satisfactory  results. 
He  stated  that  up  to  September  26  it  had  made  about  88,000  miles,  and  had  not  cost 
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anything  for  repairs.  The  cars  on  the  experimental  line  of  the  Meigs  Elevated  Rail- 
way at  Cambridge,  Mass.,  are  of  metal  throughout ;  the  truck  and  floor  frames  are  of 
iron  and  steel,  and  the  body  has  transverse  ribs  or  frames  of  metal  tubes  with  sheet- 
metal  panels.     Freight  cars  with  metal  frames  are  already  used  quite  largely. 

The  use  of  stone  for  buildings,  and  of  stone  and  metal  for  bridges, 
trestles,  and  culverts,  suggests  itself,  and  the  substitution  of  these 
materials  for  lumber  is,  in  fact,  gradually  progressing  on  all  lines  that 
have  acquired  permanency.  Yet  this  tendency  does  not  seem  to  have 
made  a  very  great  impression  when  we  find  that  even  in  Kew  England 
and  the  middle  group  of  roads — leaving  out  the  Pennsylvaniii  Railroad 
— from  3,500  to  4,450  feet  B.  M.  of  timber  per  mile  is  used,  while  South- 
ern and  Northwestern  roads,  which  are  expected  to  use  more  wood  in 
construction,  average  hardly  any  more,  and  the  more  western  roads, 
with  fewer  stations^  and  probably  fewer  water-crossings,  use  about 
3,000  feet. 

While  bridges  are  being  more  or  less  replaced  by  stone  and  iron 
structures,  wooden  trestles  even  in  permanent  and  well  established 
roads  continue  the  rule,  and  it  is  very  questionable  whether  the  acci- 
dents resulting  every  year  from  burning  of  wooden  bridges  and  trestles 
or  from  their  collapse  and  washing  out  are  not  more  expensive  to  the 
railroad  companies  than  better  structures.  Filling  in  to  solid  bank 
should  be  done  as  fast  as  possible,  or  at  least  preserved  timber  aud 
paint  should  be  employed  in  the  construction  of  trestles.  The  substitu- 
tion of  iron  and  cement  pipe  for  wooden  culverts,  or  masonry  and  arches 
and  abutments  with  iron  roof  or  concrete,  would  also  prove  a  iinal 
economy. 

In  regard  to  station-houses,  freight-sheds,  shops,  round-houses,  car- 
sheds,  it  is  again  the  economy  of  maintenance  which  would  dictate  the 
use  of  stone  or  brick  and  iron  sheeting.  The  use  of  paint  at  least  should 
be  insisted  upon  as  long  as  wood  is  used.  The  objection  that  with  in- 
creased needs  it  is  cheaper  to  replace  a  small  wooden  structure  by  a 
larger  one,  is  not  valid  when  the  design  for  the  smaller  structure  is  in 
the  first  place  made  with  a  view  to  enlargement  and  addition. 

The  use  of  wood  for  fuel  can  hardly  be  said  to  be  objectionable  and 
uneconomical,  as  far  as  forestry  interests  are  concerned,  if  managed  with 
proper  discrimination.  In  fact,  a  very  great  waste  in  the  American 
forest  results  from  the  fact  that  much  of  the  inferior  material  can  not  be 
utilized  for  firewood,  and  remains  in  the  woods  to  feed  and  make  more 
destructive  the  recurring  forest  fires.  Some  two  and  a  half  to  three  mill- 
ion cords  of  wood  are  probably  consumed  for  locomotive  use.  Wood- 
burning  locomotives  are  still  found  in  all  sections  where  fuel  su])ply 
from  the  forest  is  plentiful  and  coal  expensive.  The  only  objection  that 
can  be  made  to  this  use  is  that  timber  fit  for  better  purposes  is  largely 
placed  in  the  wood  pile.  Another  objection,  perhaj)s  more  easily 
avoided,  is  that  wood-burning  engines  are  more  likely  to  set  fire  to  the 
forests  through  which  they  pass;  on  such,  therefore,  more  efficient 
spark-arresters  than  are  used  in  many  instances  should  be  employed. 
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In  passiiif;',  I  may  point  out  the  siii)eriont,v  of  live  li('(l<;es  along  the 
tracks,  where  such  i)roteetijn  is  needed,  in  preferenee  even  to  wire 
fenees. 

r>ut,  as  we  have  seen,  by  all  means  the  largest  consumption  and  of 
the  most  valuable  timber  is  that  for  railway  ties. 

There  are  various  diieetions,  besides  tiie  substitution  of  metal  or  other 
material,  in  which  a  more  economical  use  of  wood  in  this  part  of  rail- 
road construction  can  be  and  ought  to  be  effected.  8uch  economies 
consist : 

(I)  In  using  only  the  most  durable  timbers. 

{2)  In  giving  proper  attention  to  the  cutting  and  piling  of  ties 

before  they  are  used. 
(3)  In  paying  attention  to  the  drainage  and  ballast  material  of 

the  road-bed. 
(i)  In  replacing^ties  in  the  roadbed  which  have  rotted  from  tlie 
attack  of  a  specific  fungus  by  ties  of  a  kind  not  liable  to 
attack  by  the  sanie  fungus,  so  as  to  avoid  its  spread. 
(5)  In  boring  spike  holes  and  filling  the  old  ones  when  re-spik- 
ing, and  in  the  use  of  more  permanent  rail  fastenings. 
(G)  In  the  use  of  tie-plates  in  order  to  reduce  tlange-cuttmg ; 

and  lastly, 
(7)  In  the  use  of  preserving  processes  to  lengthen  the  life  of  the 
timber. 
These  economies,  it  must  not  be  overlooked,  have  also  a  tendency  to 
improve  other  conditions  of  railway  management.     They  tend  to  effect 
greater  permanency  of  road-bed  and  hence  greater  safety  to  life  and 
rolling  stock  ;  for  every  improvement  made  in  the  track  by  lengthening 
the  life  of  ties  reduces  the  necessity  for  frequent  disturbance  of  the  road- 
bed, which  is  a  well  recognized  advantage. 

Duration  or  life  of  timber. — Comparative  tests  of  the  durability  of  va- 
rious timbers  have  never  been  made,  and  the  experiences  of  the  practice 
give  only  conditional  results,  since  a  comparative  account  of  conditions 
under  which  the  timber  is  grown,  handled,  and  [)laced,  is  rarely  made. 
Not  only  do  different  species  show  varying  durability,  that  is,  resistance 
to  decay,  but  the  same  species  seems  to  exhibit  a  variation  according  to 
the  locality-  where  it  is  grown,  and  the  part  of  the  tree  from  which  the 
wood  is  taken,  and  even  its  age  seems  to  influence  durability. 

An  attempt  has  been  made  to  make  the  color  of  the  heart-wood  a  cri- 
terion of  the  durability  of  the  various  timbers,  and  the  following  ex- 
hibit might  tempt  one  to  accept,  at  least  partially,  the  [)roi)riety  of  such 
a  standard.*  That  the  sap  wood  is  less  durable  than  the  heart  is  of 
course  well  known. 


*  See  Dr.  H.  Miiyr,   '•  Die  Waldiiiigcu  von  Nord  Anierika,  etc," 
22893--Bull.  4 2 
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If  we  denote  by  r.  d.  =  vcrj'  durable,  d.  =  durable,  aud  n.  =  not  dur 
able  timbers,  we  tind: 


Prononnced   l)l;ic1<,  brown,  or 
led  heart. 

Gray,   light    brown, 
yellow  he..rt 

light  red, 

White  or  slightly  colored  heart. 

l.iiiuuin  vit;ie  v.  d. 

Cncmnbei'  tree  n.  d. 

Beech  n. 

]\I('S(Hut  0.  d. 

Tulip  tree  n.  a. 

Buch  j\. 

Cutalpii  v.d. 

Black  locnst  v.  d. 

Gum  n. 

Osaire  Oraiiiit'  r.  d. 

(yoffee  tree  d. 

Maple  n. 

UuUuwyv.d. 

Honey  locust  d. 

Linden  n. 

]>la<k  walmit  r.  d. 

SassalT.as  d. 

Hemlock  n. 

("alifortiia  Cedar  v.  d. 

Elm  d. 

Spruce  71. 

Ked  Cedar  v.  d. 

Oakd. 

Fir  n. 

I'.ald  Cyprf\«8  v.  d. 

Willow  n. 

Torreya  v.  d. 

Kedwood  v.  d. 

Pine  d. 

Lawson's  Cypress  v.  d. 

Tamarack  ?',  d. 

White  cedar  v.  d. 

Port  Orford  Cedar  v.  d. 

Douglas  lir  d. 

Cypress  (Cala.)  v.d. 

The  color  of  the  heart- wood  is  due  probably  to  the  presence  of  tannin, 
which  acts  as  an  antiseptic,  by  making  tlie  albuminates  in  the  sap  in- 


solubh 


aud   since   the   most  durable  timbers   seem  to  be  those  of 


southern  localities,  where  therefore  intense  light  and  heat  favor  the 
formation  of  this  antiseptic  principle,  it  would  also  be  reasonable  to  ex- 
pect that  trees  grown  in  open  stand  would  be  more  durable,  and  that 
the  observed  greater  durcibility  of  second  growth  is  due  to  the  fact  that 
it  has  grown  up  under  full  influence  of  sunlight. 

The  three  timbers  which  without  coloration  of  the  heart  show  great 
durability  are  characterized  by  a  strong  smell,  which  leads  to  the  pre- 
sumption that  setheric  oils  take  the  place  of  the  tannin  and  afford  pro- 
tection against  attacks  by  fungus  growth. 

Some  timbers,  like  the  catalpa,  begin  soon  to  form  heart-wood, 
while  others,  like  the  hickory,  begin  so  late  that  but  a  small  part  of  the 
trunk  yields  durable  timber.  This  certainly  is  noteworthy  in  growing 
tie  timber. 

But  the  idea  that  the  3'oung  wood  is  more  durable  because  it  is  young, 
which  seems  to  prevail  among  railway  managers,  must  be  considered 
erroneous.  On  the  contrary,  young  wood,  which  contains  a  large 
amount  of  albuminates,  the  food  of  fungi,  is  more  apt  to  decay,  other 
things  being  equal,  than  the  wood  of  older  timber.  Sound,  mature,  well- 
grown  trees  yield  more  durable  timber  than  either  young  or  very  old 
trees.  It  is  the  rapid  growth,  exhibited  in  broad  annual  rings  and  due 
to  favorable  soil  and  light  conditions,  which  yields  the  most  durable 
timber  in  hard  woods,  and  only  as  far  as  the  growth  in  the  virgin  forest 
has  been  slow  ought  there  to  be  a  difference  in  favor  of  second-growth 
timber.  In  conifers,  however,  slow  growth  with  narrow  rings,  which 
contain  more  of  the  dense  summer  wood  in  a  given  space,  yields  the 
better  timber.  The  turpentine  (i)itch)  accumulated  in  the  summer 
wood  of  the  conifers  acts  as  a  preservative  by  preventing  the  i^euetra- 
tion  of  water  and  hindering  the  development  and  spread  of  fungus 
growth.    Hence  tapped  trees  on  the  tapped  side  where  the  pitch  has 
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coiK'iMit rated  itsoll— ''li^lit  wood" — is  almost  imk'stnictiblo,  while  Iho 
rest  of  the  tree,  depiivtMl  of  its  turixMitinc,  liiis  lost  its  durability.  In 
ail  cases  within  tlu>  same  species,  the  heavier  and  denser  wood  is  the 
most  durabh'. 

Coniferous  woods,  then,  from  comparatively  poor  soils,  hi^^h  altitudes 
and  dense  forest,  and  hard  woods  or  4lecidu()us,  from  rich,  deej),  warm 
soils  and  isolated  positions,  j)roduce  the  mosi durable  material. 

Without  means  of  determiuing'  the  exact  relative  value  of  the  differ- 
ent species,  it  is  only  possible  to  <>ivethe  following'  enumeration,  wdnch, 
iu  <^eneral,  proceeds  from  the  most  durable  to  the  less  durable  ones: 

Eastern  Rangp:  : 

Conifers:  Bald  cypress  (Taxodiinn  distichnm,  Rich.);  Red  cedar  (Janipcnis 
rUujitiiana,  L.);  White  cedar  (Cliaina'ci/pari'i  sphcvroidca,  Spach.)  ;  Aibor- 
vino,  White  cedar  (Tluiija  occidentalis,  L.);  Tamnvsiclz  (Lnrix  Ainericana, 
Micbx.) ;  Long-leaved  pine  (Piniis  lyalustris,  Miller) ;  White  pine  {Pinns 
Slrohus,  L.);  Red  \nue  (Pi)!:;:;  rcsiiiosa,  Ait.);  Cuban  pine  (Pini/s  Cuben- 
8is,  Griseb.);  Sbort-leaved  pine  {Pinus  echinata,  Miller);  Hemlock  {Tsiuja 
Canadensis,  Carr.);  Spruces  (Picea  alba,  Link.,  P.  mgra,  Link.) 
Broad-leaved  trees:  White  oak  {Quercus  alba,  L.);  Post  oak  (Qnereus  ob- 
tiisiloba,  Micbx.);  Basket  oak  {Qnereus  Afichatixii,  Nutt.);  Burr  oak 
{Qnereus  macrocarpa,  M\ch-s.) ',  Chestnut  oak  (Q*<e/-CHS  ^>ri»us,  L.);  Live 
oak  {Qnereus  virens,  Ait.);  Osage  orange  {Madura  aurantiaca,  Nutt.); 
Hardy  catalpa  {Catalpa  sjyeciosa,  Warder.);  Black  locust  {Robinia  pseud- 
acacia,  L.)  ;  Honey  locust  {Gledltschia  triacanthos,  L.);  R(ul  mulberry 
{Mor us  rubra,  L.) ;  Chestnut  {Castanea  vulgaris,  var.  Americana,  A.  DC); 
Kentucky  coffee  tree  {Gijntnocladus  Canadensis,  Lam.);  White  elm 
{Uhnus  Americana,  L.);  Slippery  elm  {Ulninsfulva,  Micbx.);  '\Vbite  ash 
{Fraxinus  Americana,  L.);  Black  ash  {Fraxinus  sambucifolia,  Lam.); 
Greeu  ash  {tyaxinus  viridis,  Micbx.) 

Rocky  Mountain  Region: 

Mesquit  {Prosopis  jalijlna,  DC),  Red  cedar  {Juniperus  Virginiana,  L.  and  J. 
pach yphla::a,  Torv.);  Piuyon  pine  {Finns  edulis, 'Eugelm.) ;  Fox-tail  pine 
(  Pinusaristata,  Murray)  ;  Dou'^las  spruce  (  Pseudotsnga  Donglasii,  Carr.) ; 
Western  larch  {Larix  oceideniaiis,  Nutt.);  Burr  oak  {Qnereus  macroearpa, 
Micbx.);  Bull  [Mue,  {Pinus ponderosa,'Dou.gl. );  Engelmann's  spruce (Picm 
Engelmanni,  Engclm.). 

Pacific  Slope: 

Yew  {Taxus  hrevifolia,  Nutt.);  Redwood  {Sequoia  sempe^^virens, 'EudWchev) ; 
Lawsou's cypress  ( Chamcecyparis Lawsoniana,  Pari . );  Si tka  cypress  ( Chamm- 
cyparis Nntkaensis,  Spacb.);  Canoe  cedar  {Thuya  gigantea,  Nutt.)  ;  White 
cedar  {Libocedrus  decurrens,  Torr. ) ;  Douglas  spruce  ( Pseudotsnga  Donglasii, 
Carr.) ;  Western  larch  {Larix occidentalis, Nutt. ) ;  Live Oiik{Qncrcns ehryso- 
lepis,  Lieb  n.);  Post  oak  {Qnereus  Garryana,  Dougl.);  Sugar  pine  {Pinus 
Lambcrtiana,  DougL);  Eugehnanu's  spruce  {Picea  Engelmanni,  Engehn.)^ 
Western  hemlock  {Tsuga  Mertensiana,  Carr.) 

The  time  of  felliufj  has  always  beeu  thought  to  influence  the  dura- 
bility of  timber.  But  while  practical  considerations  will  limit  the 
choice  of  time,  theoretically,  with  proper  after-treatment  no  such  influ- 
ence can  be  admitted. 

Early  winter  felling  should  have  the  preference,  because,  possibly, 
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less  fermentable  sap  is  then  in  the  trees;  mainly,  however,  because  the 
timber  will  season  with  less  care,  more  slowly  and  more  evenly,  and 
before  the  temperature  is  warm  enough  for  fermentation  to  set  in. 

If  the  wood  is  cut  "  in  the  sap"  it  is  more  liable  to  fermentation  and 
to  the  attacks  of  insects  and  more  care  is  necessary  in  seasoning;  for 
the  rapid  seasoning,  due  to  the  warm  dry  atmosphere,  produces  an 
outer  seasoned  coat  which  envelopes  an  unseasoned  interior  liable  to 
decay.  When  cut  in  the  leaf,  as  is  done  when  the  chestnut  oak  is  cut 
for  taubark,  it  is  advantageous  to  let  the  trees  lie  full  length  until  the 
leaves  are  thoroughly  witheied  (two  or  three  weeks),  before  cutting  to 
size.  With  conifers  this  is  a  good  practice  at  any  season,  and  if  it  can 
be  done,  all  winter-felled  trees  should  be  left  lying  to  leaf  out  in  spring, 
by  which  most  of  the  sap  is  worked  out  and  evaporated,  for  it  is  the 
stored  up  albuminates,  the  fungus  food,  which  are  utilized  in  the  bud- 
ding and  leafing. 

After  felling,  farther  attention  is  needed  to  secure  tJwrough  seasoning. 
The  idea  expressed  in  some  of  the  reports  on  the  life  of  ties,  that  sea- 
soning is  of  no  consequence,  contradicts  all  known  facts.  Under  cer- 
tain conditions  of  the  roadbed  this  seasoning  of  the  ties  may  satisfacto- 
rdy  progress  while  in  place,  but  by  so  much  as  it  is  imperfect,  by  so 
much  is  danger  from  rot  invited. 

The  experience  of  the  Delaware  and  Hudson  Canal  Company,  "  that 
ties  seasoned  one  year,  being  properly  piled  and  the  bark  taken  off, 
would  last  longer  than  ties  used  the  same  year  they  are  cut  and  the 
bark  left  on,"  is  sound  and  incontrovertible.  Unfortuiu\tely  no  experi- 
ments are  at  hand  to  show  the  absolute  money  value  of  seasoning, 
because  the  length  of  time  to  which  the  life  of  ties  is  prolonged  by 
seasoning  is  unknown. 

That  the  careless  piling  of  ties  which  is  so  often  practiced  costs  the 
railroad  companies  thousands  of  dollars  through  the  earlier  deteriora- 
tion of  their  roadbed,  is  quite  certain.  As  proper  piling  does  not  mean 
extra  cost,  for  it  can  be  almost  as  easily  done  as  not,  it  should  be 
strictly  insisted  upon. 

Most  roads  prescribe  in  their  specifications  for  ties  a  method  of  pil- 
ing, but  this  is  done  rather  for  convenience  of  inspection  and  loading 
than  for  securing  proper  seasoning.  Piling,  ui)on  sound  principles,  is 
shown  as  the  result  of  the  specifications  for  the  New  York  and  New  En- 
gland, Pennsylvania,  Lake  Shore  and  Michigan,  the  Cleveland,  Day- 
ton and  Columbus.  Kansas  City,  Fort  Scott  and  Gulf  (which  shows  a 
diagram  on  its  specification  card),  and  a  few  other  roads.  The  practice 
of  these  roads  can  be  without  difficulty  and  shotdd  be  imitated  by  all 
others.  The  requirement  is,  to  pile  never  more  than  fifty  ties  in  a  neat 
square  pile,  in  such  a  manner  that  one  tier  contains  six  to  nine  ties,  sej)- 
arated  from  each  other  by  a  space  equal  to  about  the  width  of  the  tie, 
the  next  tier  consisting  of  one  tie  placed  crosswise  at  each  end  of  the 
first  tier.     The  bottom  tier  should  consist  of  two  ties,  or  better,  poles, 
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to  raise  the  \)i\o  t'roni  the  groiiml.     'J'lie  piles  to  be  5  feet  apart.    The  eud 
view  of  the  pile  thus  : 


The  side  view  thus: 


In  this  manner  a  better  result  at  least  will  be  obtained  than  by  the 
indiscriminate  close  tumbling  together  of  the  ties,  so  often  i)racticed. 

If  possible,  the  piling  ground  should  be  somewhere  in  the  woods,  or 
at  least  away  from  the  sun,  wind,  or  rain,  so  as  to  secure  a  slow  and 
uniform  seasoning. 

If  dried  too  rapidly,  the  wood  warps  and  splits,  the  cracks  collect 
water,  and  the  timber  is  then  easily  attacked  and  destroyed  by  rot. 

The  best  method  of  obtaining  proper  seasoning,  in  a  shorter  time, 
without  costly  apparatus,  is  to  immerse  the  prepared  timber  in  water, 
from  one  to  three  weeks,  in  order  to  dissolve  and  leach  out  the  fermenta- 
ble matter  nearest  the  surface.  This  is  best  done  in  running  water — 
if  such  is  not  at  hand,  a  tank  may  be  substituted,  the  water  of  which 
needs,  however,  frequent  change.  Timber  so  treated,  like  raft  timber, 
will  season  more  quickly  and  is  known  to  be  more  durable. 

If  practicable,  the  application  of  boiling  water  or  steam  is  advanta- 
geous in  leaching  out  the  sap. 

The  Atchison,  Topeka  and  Santa  Fe  road  has  made  the  experiment 
of  leaching  pine  ties  for  two  months,  with  the  result  of  increasing  their 
durability  to  a  considerable  extent  (time  not  stated).  It  also  reports 
that  pine  ties  cut  in  summer  and  placed  in  track  while  green  last 
three  years  ;  if  cut  in  winter  and  seasoned  before  use,  they  last  about 
five  years;  if  cut  in  winter  and  water  seiJsoued,  they  will  last  five  and 
one-half  years. 

In  the  canvass  made  in  1883  the  question  was  asked,  whether  ties 
were  preferred  from  old  or  young  growth,  and  whether  hewn  or  sawed. 
While  in  the  majority  of  cases  the  answer  runs  "hewn,  and  one  tie  to 
the  cut,  from  small  trees"  or  even  '^one  tie  to  the  tree,"  there  are  others 
who  see  no  difference  in  the  durability  of  sawn  or  hewn,  some  even  pre- 
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ferring  the  former,  especially  witli  coniferous  woods  aud  when  all  heart 
can  be  secured. 

Some  give  as  reasons  for  their  preference  for  joung  timber,  that  old 
timber  is  more  liable  to  check,  or  more  difficult  to  work  "  beingtongher," 
or,  and  this  is  the  most  likely  reason  for  observed  inferiority,  because 
poorer  timber  is  furnished  in  sawed  ties,  namely,  such  as  is  not  good 
enough  for  other  purposes.  Some  use  sawed  ties  because  they  can  be 
had  more  cheaply — probably  where  other  roads  insist  on  hewn  ties; 
others  use  hewn  ties  because  they  can  be  had  more  cheaply — i)robably 
'where  saw  timber  is  scarce  and  coppice  growth  plenty. 

It  has  been  stated  before  that  there  isnot  necessarily  any  superiority 
to  be  found  in  young  growth;  on  tlie  contrary,  well-grown  mature  trees 
furnish  more  durable  timber.  In  fact,  the  young  timber  of  conifers  is 
invariably  poor,  especially  if  qnickly  grown,  and  the  young  timber 
from  the  dense  hard-wood  forest,  where  it  grows  slowly,  is  also  poor. 
It  is,  therefore,>  an  inexcusable  w^aste  and  folly  to  insist  indiscrimi- 
nately upon  ties  cut  from  trees  that  will  make  but  one  tie  or  that  the 
cut  should  make  but  one  tie.  The  excuse  for  it  can  be  found  only  in 
the  fact  that  hewn  ties  do  seem  to  last  longer  under  otherwise  unfavor- 
able conditions  and  can  be  furnished  only  from  such  timber.  It  is 
claimed  by  some  roads  that  hewn  ties  will  last  30  per  cent.,  or  from  one 
to  three  years,  longer  that  sawn.  The  reason  is  obvious.  The  sawn 
face  is  more  or  less  rough  and  collects  water,  and  thns  gives  opportu- 
nity for  fungus  growth,  while  the  smoother  face  of  the  hewn  tie  sheds 
the  water.  With  hard  woods  of  good  growth,  careful  manufacture, 
proper  seasoning,  and  with  well-drained  roadbed,  the  advantage  of  the 
liewn  tie  would  probably  not  be  equal  to  the  enormous  waste  of  wood 
necessary  in  its  manufacture. 

Some  of  the  re})orts  of  those  roads  which  make  no  difference  between 
sawn  and  hewn  ties,  or  which  prefer  tho  former,  are  worthy  of  note. 

The  Grand  Trunk  Railway  desires  that  a  tree  should  average  four 
ties,  and  says  "it  matters  not  whether  they  be  hewn  or  sawn,  so  long 
as  the  upi)er  and  lower  faces  are  fiat  and  the  sides  uncut.  Oak  ties 
are  taken  when  sawn  on  four  faces,  but  no  other  kind.''  The  ties  used 
by  the  road— oak,  tamarack,  hemlock,  and  cedar — average  six  to  seven 
years  in  duration. 

The  Detroit,  Lansing  and  Northern  Railroad,  using  oak  with  a  life  of 
eight  and  hemlock  with  a  life  of  fi.ve  years,  finds  no  difference  between 
hewn  and  sawed  ties,  "if  made  of  similar  timber." 

The  Kansas  City,  Fort  Scott  and  Gulf  Railroad,  using  oak  with  a  Hfe 
of  eight  years,  says:  "  If  made  from  large  timber,  no  preference  is  had 
between  ties  that  are  sawn  and  those  that  are  hewn.  Large  timber  is 
deemed  best. " 

The  preference  is  given  to  sawn  ties,  and  from  large  trees,  by  the 
Oregon  and  California  Railroad,  using  red  fir  of  eight  years  life;  by 
the  Bangor  and  Piscataquis  Railroad,  with  (jedar  of  fouiteen  and  tama- 
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rack  of  seveu  years'  daration  (i)ut  iu  track  when  half  seasoned,  althoui'h 
full  seasoniiiff  is  rocogMiizod  as  preferable) ;  by  the  Mobile  and  North- 
western Iviiilroad  in  Mississippi,  "if  all  heartcan  be  obtained  and  lari;e 
timber,  as  it  has  less  sap-wood.  The  small  trees  alon^-  the  line  of  road 
do  not  make  as  good  ties  as  the  large  timber." 

The  Arkansas  Midland  llailroad  prefers  sawed  ties,  allliongh  they 
are  more  costly.  "Cyi)ress  ties  shouUl  only  be  sawed  fiom  large 
trees,  post  oak  and  white  oak  ties  from  small  trees  are  equally  as  good 
as  from  large  ones.  " 

The  Alabama  Great  Southern  makes  a  ])oint  that  the  ties  should 
''  not  be  cut  tiirough  the  heart  of  the  tree,''  the  philosophy  of  whicli  is, 
probably,  that  the  long-leaf  pine  ties  are  liable  to  have  tlie  heart  bicak 
out  and  sliver.  The  signiticaut  statement  is  also  made  that  the  ;)ak 
from  the  south  end  of  tlie  road  is  not  as  durable  as  that  from  the  n)ount- 
ains  on  the  north  end.  The  difference  is  probably  due  to  track  con- 
ditions rather  than  to  locality  of  growth. 

DurahiUtu  or  life  of  tics. — The  life  of  timber  in  use  as  ties  is  reduced 
by  two  causes,  namely,  a  mechanical  one,  the  breaking  of  the  wood 
fiber  by  the  tlange  of  the  rail  and  by  the  spikes,  and  achenuL-al  or 
physiological  one,  the  rot  or  decay  which  is  due  to  fungus  growth.  These 
causes  work  either  in  combination  or,  more  rarely,  independently.  A 
soft  wood  may  be  easily  cut  into  and  made  useless  before  rot  takes  place — 
as,  for  instance,  in  the  case  of  such  otherwise  durable  woods  as  redwood, 
chestnut,  etc.,  but  the  breaking  of  the  fibre  iu  most  cases  is  only  the 
antecedent  and  forms  part  of  the  favorable  conditions  for  the  fungus 
growth — other  timbers  may  be  attacked  by  rot  first,  which,  of  course, 
is  followed  soon  by  a  breaking  of  the  fiber. 

The  exterior  conditions  favorable  to  decay  have  been  discussed  at 
length  in  Bulletin  1;  the  controllable  ones  consist  mainly  in  the 
drainage  conditions  of  the  road-bed.  Kock  ballast  is  best  di'ained, 
and  hence  the  best  record  comes  from  such  road-beds;  gravel  is  next 
best  and  clay  or  loam  is  al:out  the  worst ;  on  the  otber  hand,  where 
soft-wood  ties,  like  chestnut,  are  used,  the  hard  roc]<  ballast,  while  un- 
favorable to  decay,  reduces  their  life  by  pounding  and  cutting.  Sand 
ballast  seems  to  vary  considerably  ;  a  sharp,  coarse  silicious  (not  cal- 
careous) sarul  with  good  underdrainage  should  be  next  best  to  gravel, 
while  some  reports  give  a  heavy  black  soil  and  loam  as  better  than  sand. 
The  reason  why  sand,  although  offering  good  drainage,  is  favorable  to 
decay,  may  be  sought  in  its  great  capacity  for  heat,  which  induces  fer- 
mentation. 

In  Louisiana  '•  ties  on  black  loamy  soil  rot  out  in  one-third  the  time  of 
those  laid  in  a  clay  soil.  Ties  exposed  to  the  sun  all  day  rot  out  in  less 
time  than  those  which  are  siiaded  a  part  of  the  day.  Shade  and  a  free 
circulation  of  air  are  requisite  to  the  best  lasting  of  any  timber  in  our 
climate." 
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From  fifteen  years'  experieuee  od  the  Cumberland  and  Pennsylvania 
Eailroad  it  is  stated  that  ties  supported  in  stone  ballast  have  20  per 
cent,  longer  life,  as  far  as  rot  is  concerned.  The  Eastern  Kentucky 
Kailroad  claims  that  with  sla",'  ballast  oak  ties  will  last  two  years  longer 
than  in  sand,  while  on  the  Cleveland,  Columbus,  Cinncinnati,  and  In- 
dianapolis Railway  such  ties  were  found  to  last  two  years  less  in  slag 
ballast  than  in  gravel.  The  nature  of  the  slag,  it  should  not  be  for- 
gotten, is  very  varying,  and  hence  its  value  for  ballast.  The  East  Ten- 
nessee, Virginia  and  Georgia  Railroad  allows  in  rock  ballast  eighteen 
months  longer  life  than  in  a  soil  bed,  and  notes  in  sandy  soil  the  most 
rapid  decaj*. 

Experience  on  the  Hannibal  and  St.  Joseph  Railroad  ranges  the  va- 
rious kinds  of  ballast  as  follows  :  stone  ballast  best }  next,  coarse  gravel ; 
next,  soil,  and  worst,  cinder  and  sand  ballast. 

The  New  York,  New  Haven  and  Hartford  Railroad,  six  years  ago, 
ballasted  its  road  with  broken  stone  to  a  depth  of  14  inches;  stone  of 
not  more  than  2  inches  in  size  was  used,  and  at  the  rate  of  4,000  cubic 
yards  to  the  mile.  It  was  expected  that  ties  in  such  a  road  bed  would 
last  two  years  longer  than  in  gravel  ballast.  Yet  now  it  is  found  that, 
^vith  the  heavy  traffic,  the  high  rate  of  speed,  and  weight  of  engines  and 
trains  and  the  use  of  chestnut  ties,  these  do  not  last  more  than  five 
years,  the  cutting  of  the  rail  on  the  upper  and  of  the  stone  on  the  lower 
side  wearing  the  ties  rapidly. 

Even  the  oak  tie  will  succumb  to  the  pounding  it  receives  from  snch 
ballast,  as  the  report  of  the  Erie  Railroad  shows,  which,  while  admit- 
ting that  ties  are  less  liable  to  decay  in  broken  stone  ballast,  finds  this 
ballast  "  on  the  heavily  used  portions  of  the  line  hard  on  the  ties,  by 
cutting,  so  that  the  oak  ties  are  worn  out  before  they  rot." 

Thus  the  life  of  ties  of  the  same  timber  varies  considerably,  not  only 
according  to  climate,  and  character  of  the  timber,  and  the  treatment 
the  ties  receive  before  being  laid,  but  also  according  to  the  character  of 
the  road  bed  and  the  trafiic.  From  the  reports  of  the 283  companies  in 
1883 — which,  by  the-by,  are  now  so  consolidated  that  the  85  companies 
reporting  to  this  year's  inquiry  represent  almost  5i)  per  cent,  more  mile- 
age tliaii  the  former  283 — the  following  tabulation  has  been  made,  show- 
ing tlie  range  and  average  duration  of  ties  of  various  timbers  under 
present  usage.  The  aim  of  well-managed  roads,  of  course,  should  be 
so  to  combine  conditions  of  road-bed,  inspection,  and  handling  of  ties, 
that  the  liighest  average  duration  at  least  should  be  obtained. 

The  long  life  given  to  honey  locust  in  the  table  on  i)age  25  is  proba- 
bly due  to  a  misnomer,  black  locust  being  meant,  as  honey  locust  is 
I)robably  not  a  very  lasting  timber.  The  duration  of  mesquite,  if 
sound,  is  claimed  to  be  interminable. 
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Kind. 


Kan-o.  i  Average. 


Conifers : 

Redwoo«l 

Bahl  cypress 

Red  cedar 

Tamarack  

Wliite  cedar 

Pine.  Ioii<i-leai" 

Piuc,  rod  and  wliito 

riiic,  bull  (Calitornia) 

riiic,  hull  (Colorado)   

llrmlock 

Sjtiucc 

IJroadicavcd  trees. 

White  oaks 

Chestnut 

llouev  locust 

C.llVetree 

Clierry,  black  waluiit,  locust,  sassafras 

Mulberry 

Mesquite 

Elm 

Black  oaks 

Ash,  beech,  maple 


H-li 

4  1: 


4-12 

4    10 

5-10 

4-8 

(i-y 


3-12 
4-12 


7-10 
6-10 


4-9 
2-7 

2-7 


11-12 

«-I0 

10 

7-^8 

7 

6-7 

6 

C-7 

5 

4-6 

5 

7-8 

7-8 

10 


&-7 

4-5 

4 


The  suggestion  of  Mr  P.  H.  Dudley  (see  Bulletin  I),  that  ties  which 
are  attacked  by  a  specific  fungus  in  a  given  locality  be  replaced  by  ties 
of  a  different  sj)ecies  not  so  attacked,  in  order  to  get  rid  of  the  infec- 
tion, is  worthy  of  consideration. 

The  necessity  of  employing  an  expert  to  determine  the  fungus  caus- 
ing the  rot  and  to  designate  what  kind  of  timber  to  substitute  in  order 
to  avoid  the  specific  fungus,  would  probably  form  the  practical  ob- 
jection to  this  expedient. 


METAL   TIE-PLATES  AND   METHODS   OF  FASTENINQ. 

The  experience  that  the  more  durable  timbers  can  not  be  utilized  to 
the  full  length  of  their  life,  because  of  the  flange  cutting  which  destroys 
them  mechanically,  suggests  at  once  the  use  of  metal  tie-  or  bed-plates 
or  other  means  for  reducing  this  mechanical  destruction.  Such  bed- 
plates correspond  to  the  rail  chairs  in  use  on  English  roads,  but  are 
less  expensive.  Some  time  ago  the  use  of  a  hard-wood  plate,  let  into  a 
soft-wood  tie  under  the  rail-foot,  was  proposed,  but  the  advantage  thus 
gained  was  probably  not  proportioned  to  the  labor  of  inserting  the 
plate,  for  it  seems  not  to  have  found  wide  application. 

The  use  of  a  sheet  of  felt,  one-quarter  of  an  inch  thick,  placed  between 
tie  and  rail,  has  been  found  quite  satisfactory  in  France  with  preserved 
ties  in  preventing  flange  cutting,  the  felt  lasting  five  to  ten  years.  The 
experiment  of  the  Baltimore  and  Ohio  Railroad  of  using  lead,  sunk  into 
the  wood,  is  well  known.  Though  effective  to  some  extent  the  expense 
was  too  great.  The  method  of  fastening  the  rail  to  the  tie  has  also 
much  to  do  with  the  wear  of  the  tie. 

That  the  wear  from  spiking  and  frequent  respiking  must  needs  reduce 
the  life  of  the  tie  is  obvious  ;  not  only  is  the  fiber  destroyed  mechan- 
ically, but  water  collects  in  the  old  spike  holes  and  induces  rot,  while 
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the  looseuiug  of  the  spike  aucl  consequently  of  the  rail  produces  a  ver- 
tical  pounding  which  accelerates  the  wear  of  the  rail-foot  into  the  tie. 

That  by  boring  spike  holes  before  the  spike  is  driven  the  adhesion 
of  the  spike  is  increased,  the  track  kept  longer  in  safe  condition,  the 
wear  under  the  rail-foot  reduced,  and  the  tie  made  to  last  longer  has 
been  shown  in  Bulletin  1,  where  experiments  in  this  direction  are  recited 
at  length.  The  filling  of  the  old  spike  holes  with  wooden  plugs  to  re- 
duce the  liability  to  rot  was  reported  as  satisfactory  practice  by  the  care- 
ful manager  of  the  Cleveland,  Mount  Vernon  and  Delaware  Eailroad, 
who  used  plugs  J  by  i  by  5  inches  in  size.  The  N"ew  York,  Pennsylvania 
and  Ohio  road  also  uses  such  plugs. 

The  common  spike,  now  almost  exclusively  in  use,  must  be  cor.sid- 
ered  the  poorest  and  most  unsatisfactory  part  of  our  railroad  con- 
struction. Not  only  is  a  large  part  of  the  reduction  in  the  life  of  rail- 
road ties  to  be  charged  to  these  imperfect  fastenings,  but  they  are 
probably  responsible  for  more  damage  to  rails  and  rolling-stock,  and 
for  more  accidents  than  is  generally  recognized.  An  improvement, 
therefore,  in  rail-fastenings  is  decidedly  needed. 

Various  changes  in  the  shape  of  the  spikes  have  been  made,  which 
do  not,  however,  appear  to  increase  the  efficiency  of  an  ordinary  well- 
made  spike  5  tests  at  the  St.  Louis  bridge  having  shown  that  ragging 
and  curving  even  reduce  the  efficiency  below  that  of  the  ordinary 
spikes. 

The  most  promising  imi)rovement  in  spike-fastenings  is,  perhaps,  the 
Davies  locking  spike,  recently  come  into  use,  which  seemingly  obviates 
some  of  the  objections  to  which  all  spike  fastenings  are  exposed. 

Its  sharp  cutting  edges  reduce  the  dangers  from  mechanical  destruc- 
tion of  the  wood-fibre;  and  as  it  runs  diagonally  across  the  fibre  (~\)  it 
will  undoubtedly  hold  more  firmly  than  the  straight  spike,  and  thus, 
by  keeping  rail  and  tie  closely  connected  and  diminishing  the  necessity 
of  frequent  res[)ikiug,  will  necessarily  save  the  tie  from  premature  de- 
struction. 

The  use  of  wood  screws  with  washers  or  screw-bolts  would  of  course 
be  superior  in  every  respect  to  the  present  spike  fastenings,  and  this 
change  alone  in  the  fastening  material  would  make  ties  last  consider- 
ably longer,  besides  insuring  greater  safety.  Such  screw  fastenings, 
of  various  designs,  with  holes  bored  to  receive  them,  are  now  largely 
used  in  Europe.  In  this  country  the  Bush  interlocking  bolts  have 
been  employed  with  good  results  by  the  New  York  Central  and  Penn- 
sylvania railways.  Another  screw  fastening  of  simple  construction  is 
designed  and  used  by  INIr.  ^M.  AY.  Thomson,  engineer  of  maintenance 
of  way,  Pennsylvania  Railroad.  The  only  objection  to  the  use  of  such 
fastenings  is  their  greater  cost,  increased  labor,  and  need  of  skilled 
labor  in  their  use.  But  after  all,  the  use  of  bed-plates  in  connection 
with  proper  fastenings  alone  can  satisfy  present  requirements  of  track 
where  heavy  traffic  on  wooden  ties  with  flange  rails  is  to  be  safe. 
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The  expericuco  with  bed-plates  in  Germany  shows  that  after  the  plate 
has  adjusted  itself  to  the  tie,  which  requires  some  time  and  some  cuttin<; 
into  the  wood,  'Hhe  line  which  was  employed  for  seven  years  for  the 
l)urpose  of  determinini>-  this  wear,  ^ave  hardly  any  wear  to  the  lies  pro- 
tected by  plates;  in  every  case  showing  less  than  1  millimeter  loss  per 
year,"  while  that  of  oak  ties,  unprotected,  was  nearly  four  times  as  large 
(one-tifth  inch). 

Other  roads,  where  bed  plates  are  used,  report  considerable  increase 
of  life  not  only  of  spruce  ties  on  the  tangent,  but  also  of  oaii  ties  which 
were  used  on  the  curves,  giving  in  such  position  the  oak  ties  1G.6  and 
the  si)ruce  ties  (treated)  10.7  years'  life,  a  very  remarkable  service. 

Bed-plates  are  to  serve  the  following  objects : 

(1)  A  more  even  distribution  of  rail  pressure  over  a  greater  area  of  the  tie,  and 
thereby 

(2)  Retardation  of  the  nieclianical  destruction  of  the  tie  by  cutting,  and 

(3)  Less  danger  of  tilting  of  rails  ; 

(4)  To  prevent  the  lateral  bending  of  spikes  or  screws  and  thereby  loosening  of 
rail ; 

(5)  To  increase  resistance  of  screws  and  spikes  against  lateral  motion  or  spread- 
ing of  rails. 

To  attain  these  objects  the  following  conditions  in  the  form  of  the 
plate  are  necessary : 

(1)  It  should  be  sufficiently  large  to  increase  sensibly  the  bearing  surface  upon 
the  tie.  A  length  of  5^  inches  and  a  width  of  4|  inches  in  addition  to  tbe 
width  of  the  rail-foot,  or  altogether  8^  to  9  inches  are  considered  minimum 
dimensions. 

(2)  It  should  be  sufficiently  thick  to  take  up  all  pressures  without  effect  on  the 
shape  of  the  plate  ;  the  miuioium  thickness  is  given  as  one-half  inch. 

(3)  It  should  be  so  placed  that  the  larger  bearing  surface  be  on  the  inside  of  the 
rail  where  the  pressure  is  greatest  and  resistance  therefore  most  needed,  so 
that  2^  inches  lie  inside  and  2  inches  outside  the  rails. 

(4)  It  should  increase  the  resistance  of  spikes  or  bolts  against  lateral  pressure,  by 
X)rojectiug  shoulders  against  which  the  fastenings  bear. 

(5)  It  should  relieve  the  fastenings  from  lateral  pressures  by  having  the  rail-foot 
rest  directly  against  projecting  shoulders. 

(6)  It  should  be  secured  against  lateral  motion  upon  the  ties  by  having  the  lower 
surface  provided  with  short  sharp  ridges  (not  deeper  than  three-sixteenths 
to  one-fourth  inch,  three  being  used,  the  inner  tooth-rim  deeper  than  the 
outer),  or  other  contrivances  which  increase  the  friction  between  plate  and 
wood. 

After  considerable  experience  with  other  forms,  a  bed-plate  answer- 
ing all  these  requirements  has  been  designed  and  used  by  Mr.  Post, 
the  well  known  railroad  engineer  of  the  Netherlands  Railway.  The 
gradual  development  ot  the  ideal  bed  plate  is  described  by  him  in 
Glaser's^Annalen  flir  Gewerbe  und  Bauwesen,"  1887,  and  the  first  and 
ultimate  forms  are  shown  in  accompanying  cuts. 

He  remarks  in  regard  to  results: 

(1)  After  100  to  500  trains  the  ridges  have  sunk  into  the  oak  ties  j 
knots  must  be  avoided  under  the  bed -plate. 
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(2)  After  twenty  mouths  the  impressions  of  the  ridges  were  found 
sliarply  cut  and  the  edges  uubattered. 

(3)  The  gauge  was  kept  ahnost  as  well  as  with  meial  ties,  i.  e.,  better 
than  with  oak  ties  without  plates. 

(4)  The  fastenings  showed  neither  wear  nor  loss  of  shape  nor  looseu- 
iug. 

On  the  Prussian  railways,  instead  of  the  parallel  sharp  ridges  a  net- 
work of  diagonally  crossing  ribs  is  cast  on  the  under  surface  of  tbe 
plate,  which  reduces  expense  and  has  been  found  entirely  satisfactory 
and  fully  answering  the  purpose  of  close  adjustmeut  between  tie  and 
plate. 

In  the  United  States  and  Canada  several  roads,  among  which  the  In- 
tercolonial, Atlantic  and  Pacitic,  and  Maine  Central,  have  begun  the  use 
more  or  less  extensively  of  a  bed-plate  weighing  2  i)ounds,  which  con- 
sists of  a  simple  steel  channel  S  inches  long,  3|  inches  wide,  3-16  inch 
thick,  and  with  flanges  turned  down  on  the  long  sides  ginch  deep,  which 
are  driven  into  the  tie  parallel  with  the  fiber,  two  spike  holes  having 
previously  been  punched  into  the  plate.  While  these  plates  are  cer- 
tainly exceedingly  simple  and  easy  of  application,  they  can  not,  of  course, 
satisfy  all  the  requirements  demanded  above ;  their  bearing  surface  is 
rather  small  and  the  metal  thin  ;  there  is  also  the  objection  that  the 
flanges  open  new  grooves  for  water  to  penetrate  and  collect  in,  thus  pre- 
senting favorable  conditions  for  the  rot,  which  is  not  the  case  in  the 
above  described  forms. 

In  regard  to  the  brief  experience  had  with  this  plate,  the  chief  en- 
gineer of  the  Intercolonial  Railroad  says: 

The  Servis  tie-plate  does  very  good  service  on  cedar  ties  and  at  joints,  but  does  not 
appear  of  sufficient  strength,  as  now  manufactured,  to  resist  the  heavy  traffic  pass- 
ing over  tliem,  as  we  have  found  they  very  soon  become  hollow  backed. 

Mr.  L.  B.  Robinson,  manager  of  the  Atlantic  and  Pacific  Railroad 
Company,  western  division,  makes  the  following  statement: 

We  bought  about  70,000  of  these  bed-plates  last  year  for  an  extension  of  our  line, 
which  will,  however,  not  be  opened  until  next  month  (May),  so  that  we  had  but 
little  experience  with  these  plates. 

About  a  year  ago  I  put  a  few  of  these  plates  under  rails  on  our  main  line.  The 
rails  were  light  weight,  50  pounds  to  the  yard;  the  ties  were  California  redwood, 
which  is  a  soft  timber.  We  are  using  on  this  division  engines  weighing  sixty  tons. 
The  few  plates  that  we  put  there  have  made  a  very  fair  showing.  Without  the  plates 
the  rails  in  the  same  locality  have  sunk  into  the  tie  from  one-half  to  one  and  one-half 
inches,  while  rails  resting  on  the  bed-plates  are  simply  even  with  the  top  of  the  tie  ;  in 
a  very  few  instances  they  have  suuk  into  the  tie,  say  one-eighth  of  an  inch.  The 
plates  are  of  too  small  an  area,  in  my  judgment,  for  such  soft  timber  as  California 
redwood.  If  they  had  been  made  an  inch  and  a  half  longer  and  an  inch  wider  I 
think  much  better  results  would  have  been  obtained. 

As  soon  as  our  extension,  noted  above,  is  opened,  these  plates  will  be  subjected  to 
heavy  traffic,  and  in  the  course  of  the  next  six  mouths  I  may  be  able  to  give  you 
more  definite  information. 

The  manager  of  the  Maine  Central  Railroad,  using  principally  cedar 
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ties,  expresses  liis  entire  sjitist'iietion  witli  tiie  use  of  the  Servis  |»lal(\ 
and  says : 

Their  use  has  so  thoroughly  (UMiioiistratcd  their  <;roiit  hcnelif,  not  only  aa  a  hrd 
l)hite  but  also  as  a  rail  brace,  ktM'piii!::  the  track  from  spreading,  that  they  now  re- 
ceive the  hearty  coininendation  of  all  our  trackiiuii. 

From  these  remarks  we  may  infer  that  the  l)ed-i)hite,  like  all  other 
parts  of  railroad  construction,  must  be  adjusted  to  the  special  condi- 
tions of  track  and  traftic.  What  is  satisfactory  and  sufficient  in  one 
case  mny  not  be  so  under  chaii<ied  conditions. 

The  Perkins  tie-plate,  restino-  on  a  thin  wooden  block  placed  on  the 
tie  avoids  the  cutting-  into  the  tie  by  the  rail  llanges,  but,  besides  otber 
disadvantages,  is  apt  to  reduce  the  efficiency  of  the  fastenings,  thereby 
failing  in  one  important  otlfice  of  the  ideal  plate. 

Other  bed-plates  which  strive  to  meet  more  of  the  requirements  made 
by  Mr.  Post,  as  stated  above,  are  the  Thomson  (Pennsylvania  Railway), 
the  Cox  (McConway  and  Torley),  the  Wrenshall,  the  Sandberg,  and 
the  Stuart  elastic  plates.* 

Lately  a  "shoulder  tie  plate"  has  been  placed  on  trial  on  the  Penn- 
sylvania lines.  This  plate,  w-eighing  4  pounds,  is  stamped  out  of  one 
quarter-inch  steel  plate,  12  inches  in  length  and  5  inches  in  width,  thus 
giving  about  three  times  as  much  bearing  surface  as  the  rail,  while  along 
the  rail-foot  on  both  sides  a  shoulder  of  about  one-eighth-inch  depth 
is  raised  in  tlie  i^rocess  of  stamping,  which  helps  to  keep  the  spikes 
from  wearing  at  the  neck  and  to  preserve  the  gauge. 

It  is  asserted  that  the  use  of  bed-plates  will  increase  the  wear  of  rails. 
This  is  conceivable  under  two  conditions,  namelj',  if  the  fastenings  are 
imperfect  and  loose,  allowing  the  pounding  of  the  rail  upon  the  plate, 
or  if  the  bearing  surface  is  enlarged  beyond  proper  limits,  counteract- 
ing the  elastic  features  of  the  tie,  especially  upon  an  unelastic  ballast 
(stone).  Here,  as  everywhere  in  railroad  construction,  the  relation  of 
each  part  to  the  other  and  to  the  service  required  must  be  kept  in  view. 

Even  the  use  of  a  properly  constructed  splice-bar,  like  the  "  Samson," 
must  be  counted  among  the  means  of  economizing  in  the  life  of  ties. 

Preserving  processes. — With  the  adoption  of  means  which  secure  the 
tie  against  mechanical  destruction  the  question  of  preserving  it  against 
rot  assumes  at  once  a  new  aspect. 

While  in  France  not  a  tie  is  laid  without  subjecting  it  to  a  preserv- 
ing process,  and  while  the  same  practice  prevails  largely  in  England 
and  in  Europe  generally,  but  little  has  been  done  in  this  direction  in 
the  United  States. 

The  reasons  for  this  neglect  are  various,  mainly  the  cheapness  of  tie 
timber  and  the  expense  of  preservative  processes,  and  further  the  ob- 

*  See,  in  this  connection,  Mr.  Russell  Tratman's  paper  on  "The  Improvement  of 
Railway  and  Street  Railway  Track,"  in  Transactions  of  the  Anierican  Society  of 
Civil  Engineers,  March,  1890.  The  Holgate  tie-plate,  with  lugs  instead  of  shoulders, 
in  successful  use  on  the  Grand  Trunk  Railway,  came  too  late  to  our  notice  to  be 
noticed  in  the  text. 
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jservatiuu  ihatfijinge  (uittiug  proceeds  often  more  rapidly  tbaii  rotting". 
Uncertaiuty  in  regard  to  the  efficacy  of  various  processes,  unsatisfac- 
tory experience  with  ])rocesses  improperly  applied,  and  unwilliugness 
to  spend  on  initial  cost  for  the  sake  of  a  future  saving  may  also  have 
had  something  to  (h)  in  retarding  the  introduction  of  [)reserving  proc- 
esses. 

In  railroad  building  there  is  such  an  intimate  and  mutual  relation 
of  the  different  parts  of  construction  that  no  one  can  be  determiued 
npon  without  keeping  in  view  all  th.'  others.  As  we  have  seen,  the 
use  of  rock  ballast,  which  promised  by  its  effectual  draining  a  longer 
life  to  the  chestnut  tie,  by  its  hard  pounding  destroyed  it  sooner  than 
it  would  have  been  destroyed  by  rotin  a  gravel  or  dirt  ballast.  So,  too, 
preserving  jjrocesses  which  soften  the  wood  fiber,  as  some  are  apt  to 
do,  while  preventing  rot  would  reduce  the  life  of  the  tie  through  me- 
chanical action,  while  a  process  that  hardens  the  wood,  as  claimed  for 
the  burnettizing,  might  make  even  a  soft  tie  last  as  long  as  an  un- 
treated hard-wood  tie.  But  the  combinr.tion  of  bed-plates  with  pre- 
serving x)rocesses  promises  to  make  almost  as  satisfactory  and  per- 
haps as  economical  and  safe  a  track  as  one  on  metal  ties. 

The  various  processes,  their  value  and  their  cost,  have  been  at  length 
and  admirably  set  forth  in  a  pamphlet  by  the  Society  of  Civil  En- 
gineers and  in  more  condensed  form  in  a  report  by  Col.  Henry  Flad, 
civil  engineer,  contributed  to  Bulletin  1  of  this  division.  Some  new 
processes  have  come  into  use  since  the  preparation  of  that  report;  but 
as  the  value  of  such  processes  can  only  be  determined  by  years  of  ex- 
perimental use,  the  discussion  of  these  is  left  to  some  future  time. 

I  should,  however,  mention  one  new  process  quite  at  variance  with 
the  conceptions  upon  which  all  i^rocesses  have  hitherto  been  based. 
While  those  i:>rocesses  attempt  to  eliminate  the  sap  of  the  wood  and 
substitute  in  part,  at  least,  an  antiseptic,  which  is  to  keep  out  moisture 
and  make  the  germination  of  fungi  impossible,  "  vulcanizing"  is  carried 
on  upon  the  claim  that  by  i)ressure  and  heat  such  changes  in  the  chemi- 
cal constitution  of  the  sap  can  be  produced  as  to  make  it  incapable 
henceforth  of  sustaining  a  fungus  growth.  While  the  argument  upon 
which  the  effect  is  claimed  in  the  pamphlet  of  the  Xew  York  Vulcaniz- 
ing Company  is  open  to  criticism  and  stands  npon  a  rather  nncertaiu 
physiological  basis,  it  is  not  impossible  nor  improbable  that  the  (tlaimc  d 
change  in  the  chemical  constitution  of  the  sap  is  produced,  but  whether, 
uiuler  the  influence  of  atmospheric  agencies,  bacteria,  a  id  fungus 
spores  this  change  will  remain  permanent  and  the  fungus  growth  be  pre 
vented  remains  still  to  be  seen.  It  is  claimed  that  the  teredo  has  not  at- 
tacked vulcanized  wood;  but  this  fact  does  not  argue  immunity  from 
attacks  by  fungi. 

According  to  a  statement  of  Mr.  F.  K.  Hain,  manager  of  the  elevated 
railroad  lines  in  New  York,  "yellow  pine  timbers  treated  by  this  pro- 
cess have  been  in  use  on  the  road  for  the  past  six  years,  without  show- 
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in^  any  rot  and  hardly  any  wear  by  (uittin*^,  whore  nntreated  timber 
rapidly  deeayeci.  Most  of  the  timber  now  in  nse  by  this  company 
has  been  treated  by  this  process,  and  all  renewals  are  made  with  vul- 
canized timber."  From  an  analysis  of  vulcanized  oak,  made  by  Dr. 
i\  \'\  Ohandler,  it  appears  that  the  formation  of  antise])tics  dnring-  the 
inoeess  has  really  taken  i)lace  in  the  wood,  the  analysis  showing  alto- 
gether ll.t)()  per  cent,  of  such  materials,  namely,  O.oG  per  cent,  neutral 
oils,  turpines,  etc.;  0.77  per  cent,  phenols,  and  10.78  per  cent,  resinous 
acids. 

The  process  consists  sim[)ly  in  subjecting  unseasoned  wood  to  dry  air, 
heated  to  from  400  to  GOO  degrees  F.,  under  pressure  of  100  to  175  pouuds 
])er  square  inch,  heat  and  pressure  being  regulated  according  to  the  na- 
ture of  the  timber  and  the  resalt  to  be  obtained. 

The  fiber  of  the  wood  seems  to  be  hardened,  and  the  color  can  be  kept 
natural  or  changed  at  will. 

Altogether,  this  process  is  among  the  juost  promising  of  the  many 
designed  to  lengthen  the  life  of  timber.  Its  advantages,  besides  sim- 
l)]icity  and  cheapness — the  present  charge  is  88  per  thousand  feet  B.  M., 
which  would  bring  the  cost  per  tie  to  3  cents — are,  that  unseasoned 
timber  is  preferably  used,  that  the  fiber  is  not  weakened,  that  the 
timber  may  be  worked  after  treatment  without  exposing  any  untreated 
part,  for  it  seems  treated  through  and  through,  that  it  seems  unaffected 
by  atmospheric  changes,  being  thoroughly  seasoned  by  the  process. 

A  few  notes  on  the  status  and  experience  of  tie  preserving  in  this 
country  which  have  come  to  the  writer's  notice  may  find  insertion  here. 

Heavy  oil  of  tar,  commonly  called  creosote  (either  from  wood-tar  or 
coal-tar),  and  chloride  of  zinc  are  the  most  commonly  employed  mate- 
rials in  this  country. 

The  Chicago  Tie  Pieserving  Company,  at  its  own  works  (which  sup- 
ply ties  for  the  Chicago,  Kock  Island  and  Pacific  Kailway  under  con- 
tract) and  at  the  works  erected  by  it  at  Laramie,  Wyo.,  for  the  Union 
Pacific  Railway,  and  at  Las  Vegas,  X.  Mex.,  for  the  Atchison,  Topeka 
and  Santa  Fe  Railway,  uses  the  zinc  tannin  process  ;  the  Southern  Pa- 
cific Kailway  has  both  creosote  and  zinc  plants  at  its  Houston  works; 
the  Creosote  Lumber  Construction  Company,  of  Feruandina,  Fla.,  and 
the  Carolina  Oil  and  Creosote  Company,  of  Wilmington,  N.  C,  use  the 
wood  creosote  oil;  the  Lehigh  Valley  Creosotiug  Company,  of  Perth 
Amboy,  N.  J.,  Eppinger  &  Russell,  of  New  York,  and  the  Old  Dominion 
Creosoting  Works,  of  Norfolk,  Va.,  nse  dead  oil  of  coal-tar;  the  Louisville 
and  Nashville  Kailway  has  a  creosoting  plant  of  its  own,  used  for  piles 
and  timber;  the  Boston  and  Maine  Railway  has  a  kyanizing  (corrosive 
sublimate)  plant  at  Portsmouth,  N.  n.,  which  has  been  used  for  treat- 
ing hemlock  ties. 

The  Louisville  and  Nashville  Railway's  creosoting  works,  situated  at 
West  Pascagoula,  have  for  ten  years  creosoted  piles  to  protect  them 
against  the  teredo,  also  bridge  and  trestle  timber,  but  have  never  creo- 
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so  ted  ties,  because  it  is  believed  that  witb  ties  at  23  to  30  cents  apiece 
the  additional  expense  wouUl  not  be  justifiable.  The  chief  engineer 
writes  that  the  cost  of  creosoting  them  would  be  about  824  per  1,000 
feet  board  measure,  or  $L  per  tie,  including  creosoting,  freight,  and 
handling,  assuming-  that  they  take  1^  gallons  of  oil  per  cubic  foot. 

This  leasoning'  is  not  quite  fair,  since  ties  would  not,  or  need  not, 
take  up  more  than  one-third  of  the  material  stated,  and  are  probably 
more  cheaply  handled  than  bridge  and  trestle  timber.  The  cost  with- 
out transportation  is  stated  at  25  cents  per  tie  by  Colonel  Flad.  Creo- 
soting is,  no  doubt,  the  most  expensive  process,  and  as  it  is  said  to 
soften  the  timber  may  not  even  be  found  as  desirable  for  tie  preserving 
as  a  process  using  metal  salts. 

Mr.  F.  C.  Prindle,  of  the  Carolina  Oil  and  Creosote  Company,  Wil- 
mington, N.  C,  writes  as  follows: 

We  are  now  using  only  our  heavy  wood  creosote  oil  for  creosoting  purposes.  I 
suspect  that  the  chief  difficulty  in  introducing  creosoted  ties  in  this  country  lies  in 
the  fact  of  their  considerable  first  cost,  and  the  prevailing  policy  with  new  roads 
seems  to  be  to  build  as  cheaply  as  possible  at  the  outset  and  then  each  succeeding 
administration  is  much  inclined  to  keep  the  yearly  repairs  of  roadway  down  to  the 
minimum,  and  the  long-run  policy  of  building  permanently  at  first  and  with  very 
much  smaller  repair  bills  afterward  seems  to  be  ignored.  The  approximate  increase 
in  cost  of  a  creosoted  over  a  plain  tie  is  about  -f  14  per  1,000  feet  board  measure  when 
creosoted  with  10  pounds  of  oil  per  cubic  foot  and  $16  when  creosoted  with  12  pounds 
of  oil  per  cubic  foot,  or  about  60  cents  per  tie. 

The  Newport  News  and  Mississippi  Valley  Railway  had  thirty  pine 
ties  creosoted  with  dead  oil  of  coal-tar  at  the  Old  Dominion  Creosoting 
Works,  Norfolk,  Va.,  some  years  ago  5  one  was  taken  up  in  Jul}',  1887, 
after  five  years'  service,  and  was  reported  to  be  in  good  condition  and 
likely  to  last  for  fifteen  years  more.  The  ties  were  in  track  under  heavy 
traffic,  but  the  spikes  maintained  a  firm  hold.  Mr.  S.  D.  Puller,  man- 
ager of  the  works,  states  that  prices  range  from  75  to  85  cents  per  tie  at 
the  works.  Mr.  George  S.  Valentris,  manager  of  the  Eppinger  &  lius- 
sell  Creosoting  Works,  New  York,  states  that  ties  treated  with  dead 
oil  of  coal-tar  have  given  satisfactory  results,  bnt  that  the  first  cost 
keeps  them  from  being  generally  used ;  the  cost  is  from  90  cents  to  $1 
for  a  tie  8  inches  by  6  inches  and  8  feet  length. 

The  Atlantic  Coast  Line  put  down  some  creosoted  pine  ties  three 
years  ago,  the  process  costing  SlO  per  M  feet,  B.  M.,  or  12  cents  per 
cubic  foot,  which  would  bring  the  cost  per  tie  to  a  little  over  40  cents. 

The  Savannah,  Florida  and  Western  Kailroad  Company  creosotes 
yellow  pine  piling  and  bridge  timber  at  $12  per  M  feet,  B.  M. 

The  Boston  and  Maine  Railroad  Company  for  eight  years  used  hem- 
lock ties  kyanized,  with  bichloride  of  mercury,  at  10  cents  per  tie,  with 
satisfactory  results,  but  when  hemlock  ties  increased  in  pace,  and  cedar 
ties,  lasting  eight  years,  became  cheap  (33 cents), no  advantage  seemed 
to  accrue  from  the  use  of  the  process  and  it  was  abandoned. 
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Even  if  we  allow  the  cost  oC  tlie  hemlock  tie  at  3^)  cents,  if  by  the 
process  it  can  be  made  to  last  twelve  years,  which  seems  not  nnreason- 
able  to  expect,  it  would  be  cheaper  than  the  cedar  ties,  since  the  annual 
charges  together  with  cost  of  renewal  compare  as  o  98  to  5.07  cents  iu 
favor  of  the  preserved  hemlock  tie. 

The  average  cost  of  treatment  by  the  zinc  process  (burnettizing)  is 
placed  at  20  cents  by  the  Chicago  Tie  Preserving  Company. 

The  Chicago,  Rock  Island  and  Pacific  Railroad  has  had  such  ties  in  use 
for  the  last  four  years,  expecting  them  to  last  sixteen  years.  The  man- 
ager of  the  road  writes  as  follows  : 

The  lifo of  au  ordiuary  hemlock  tie  is  three  years;  the  life  of  a  heinlock  tie  hur- 
ucttized  is  sixteen  years,  twice  as  great  as  the  life  of  an  oak  tie.  We  would  use  hem- 
lock ties  entirely,  treated  iu  this  manner,  if  the  facilities  for  burnettizing  were  suffi-  * 
cient  to  meet  the  reciuiremeuts;  and  it  is  probable  that  iu  contracts  to  be  made  iu  the 
future  we  shall  demand  increased  facilities  and  to  an  exteut  to  meet  all  necessities, 
iu  which  event  we  would,  of  course,  use  no  oak  ties  at  all.  The  hemlock  tie  costs25 
cents  and  the  cost  of  burnettizing  is  20  cents,  making  the  total  cost  45  cents,  which 
is  also  the  cost  of  an  oak  tie. 

The  Atchison,  Topeka  and  Santa  Fe  Railroad  Company  kindly  fur- 
nishes the  following  statement  in  regard  to  the  cost  of  burnettizing 
with  the  Wellhouse  pi  ocess  at  Las  Vegas : 

Cents. 

For  chemicals 11.7 

For  labor 4.  3 

For  fuel 6 

16.6 

This  is  almost  50  per  cent,  higher  than  the  figures  of  Colonel  Flad. 
Mr.  A.  A.  Robinson,  general  manager,  under  date  November  21, 1889, 
adds : 

The  indications  thus  far  are  favorable  and  satisfactory.  In  1885  we  placed  305  of 
these  treated  pine  ties  in  the  main  track  just  north  of  the  bridge  over  the  Kansas 
River  in  North  Topeka.  A  few  weeks  since  I  examined  these  ties  and  found  no  evi- 
dence of  decay,  each  tie  being  apparently  as  sound  as  a  dollar. 

Since  oak  ties  last  year  on  that  road  cost  48  cents  free  on  board  at 
Kansas  City  (a  low  price),  and  the  pine  ties  34  cents  in  New  Mexico, 
the  oak  lasting  seven  and  a  half  years,  the  treated  pine,  even  if  we  in- 
crease its  price  to  60  cents,  would  need  to  last  only  ten  years  and  yet 
be  cheaper.  Experience  with  buruettized  ties  would  allow  au  assump- 
tion of  twice  that  life  as  not  extravagant. 

In  all  calculations  of  the  advantage  in  the  use  of  ties  of  longer  life  an 
important  one  is  often  overlooked,  namely,  the  reduced  necessity  of  dis- 
turbing the  track,  with  all  the  advantages  which  that  implies. 

The  value  of  this  indirect  advantage,  to  be  sure,  it  is  almost  impos- 
sible to  establish  by  mathematical  calculation,  but  the  direct  financial 
superiority  of  one  tie  system  over  another  is  perfectly  capable  of  being 
figured  upon  a  mathematical  basis,  and  the  factors  to  be  used  for  such 
calculation  are  not  doubtful. 
22893— Bull.  4 3 
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FINANCIAL   ECONOMY   OF   TAEIOUS   liATLEOAD   TIE   SYSTEMS. 

There  has  been  much  difficulty  experienced,  even  by  the  writers  in 
the  publication  referred  to  of  the  Society  of  Civil  Engineers,  in  getting 
at  a  proper  basis  upon  which  to  compare  the  financial  value  of  two 
tie  systems  of  varying  cost  and  duration,  or  the  eventual  saving  of  one 
over  the  other. 

For  a  perpetual  concern  like  a  railroad  the  first  cost  is  not  always 
the  most  important  factor  of  calculation.  In  fact,  the  saving  of  labor 
for  renewals  and  maintenance  is  now  the  vital  question  in  the  cost  of 
railroad  management.  When  this  is  brought  to  a  minimum  by  perfec- 
tion of  the  road,  safety  and  comfort  iii  traveling  as  well  as  a  safe  divi- 
dend  will  be  secared. 

We  may  dismiss  at  once  as  improper  in  a  community  with  well  estab- 
lished financial  systems  any  calculation  which  does  not  apply  com- 
pound interest.  There  can  be  a  dispute  only  as  to  the  rate  of  interest, 
which  in  discounting  long-standing  investments  is  usually  taken  at  less 
than  the  current  rate  of  interest.  But,  while  the  choice  of  the  rate  is 
of  importance  when  the  actual  amount  of  saving  is  to  be  calculated,  if 
tlie  existence  only  of  a  saving — no  matter  of  what  amount — is  to  be  es- 
tablished, this  choice  of  rate  of  interest  becomes  irrelevant  as  long  as 
we  use  the  same  rate  in  all  cases  which  we  compare.  And,  especially 
in  the  case  of  two  tie  systems,  the  saving  which  the  one  of  longer  dura- 
tion brings,  by  virtue  of  greater  safety  and  permanence  of  road-bed,  is 
incalculable,  so  that  to  establish  its  superiority  financially  we  need  to 
prove  only  that  it  is  not  more  expensive. 

The  expenditure  for  a  tie  system,  which  must  be  renewed  at  given 
intervals,  may  be  conceived  as  a  series  of  intermittent  rents.  In  order 
to  make  them  comparable  with  another  series  of  rents,  which  are  paid 
out  at  different  intervals  we  must  transform  both  series  into  annual 
rents. 

The  sum  total  of  the  amounts  represented  in  the  intermittent  rents, 
with  compound  interest  discounted  to  the  present  date,  are  to  be  equal 
to  annual  rents  discounted  in  the  same  way.  If  R  =  intermittent  rent 
or  charge,  j9  =  rate  of  interest,  n  =  period  of  payment, /' =  annual  rent 
or  charge,  we  have 

R  R  r_  r 

Summing  up  both  sides,  which  represent  two  endless  falling  geometric 

series,  we  get 

R  l.O/r'  r 

LO/y  —  1  =  O.Op ' 
or 

This  is  the  only  proper  way  of  determiningthe  so-called  annual  charge, 
and  with  this  formula  a  table  of  annual  charges  has  been  constructed 
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and  appeuded  to  this  iei)()rt,  which  allows  ready  coin[)arisoii  of  systems 
of  varying- cost  and  diiratiou  as  to  their  profitableness.  This  table  is 
calculated  for  a  5  per  cent,  rate  of  interest. 

If  a  lower  rate  of  interest  is  used  in  calculating  the  annual  charges, 
these,  to  be  sure,  fall  out  lower,  but  the  amounts  of  saving  increase. 
So  that  it  may  be  assumed  that  the  table  calculated  upoi)  a  5  per  cent, 
basis  gives  the  most  conservative,  practically  applicable  results. 

If  the  actual  amount  saved  is  to  be  determined,  we  need  only  find  and 
compare  the  capitals  which  i)roduce  annually  if  placed  on  simple  inter- 
est the  amounts  of  the  annual  charge  ;  or  to  arrive  at  the  amount  of  that 
capital  directlj^  we  need  only  omit  in  the  above  formula  the  multiplica- 
tion with  O.Op.  Calling  C  +  K  =  S,  the  sum  from  which  we  may  take 
the  amount  R  for  first  construction  and  have  the  amount  0  left  to  pro- 
duce R  at  stated  intervals  of  n  years,  we  have 

^  =  ^1.0i>"-l 

Using  the  table  of  annual  charges,  we  see  that  a  tie  costing  30  cents 
and  lasting  5  years  involves  an  annual  charge  of  6.93  cents,  which  cor- 
responds to  a  capital  of  81.39.  Were  we  to  pay  20  cents  more  for  a  tie 
lasting  ten  years,  the  annual  charge  would  be  6.47  cents,  corresponding 
to  a  capital  of  81.29  ;  or  use  of  the  latter  ties  would  mean  a  capital  sav- 
ing of  10  cents  per  tie  or  $260  per  mile  of  track  laid  with  2,600  ties. 

This  does  not  include  the  saving  which  comes  by  virtue  of  the  less 
frequent  necessity  of  renewal,  and  which  can  be  determined  in  a  similar 
manner  ;  a  table  of  annual  renewal  charges  is  also  appended. 

If  objections  should  be  made  to  employing  indefinite  time,  as  has 
been  here  done,  in  the  capitalization,  and  it  is  desired  to  relate  the  cap- 
ital to  any  given  term  for  which  the  business  is  supposed  to  run,  the 
following  formulas  should  be  employed,  representing  the  accumulation 
of  recurring  expenditures,  with  compound  interest  at  the  end  of  the 
business  term : 

R  =  amount  paid  out  once  in  ?i  years, 

m  =  the  number  of  terms  of  n  years, 

V  =  the  total  value  of  the  investment  at  the  end  of  m  n  years, 

p  =  the  rate  of  interest;  then 

{1.0pmn^l)l,0pn 

If  we  consider  two  systems  in  which  the  corresponding  values  are 
^        V„  R„  m,y  n,j  and  V,„  R,,,  ?»/„  ?i/,,  we  have  from  (1) 


1^ 


I 


Y,  =  B,  l.Op^'  (l.Oj?"^ »/  —  1) 

1.0pn,_l 

(2) 

y„  =  n„  i.Ojj»>  {i.op^'"^',  —  !) 

i.Oi?^-  —  1 
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Since  for  coinparison  we  must  have  m,n,  =  m,,n,,y  the  values  (2)  give 

.     V,-K„1.0j;». -1      ^  ^> 

From  this  we  see  that  the  first  or  second  system  will  be  the  more  ad- 
Y 
vantageous,  according  as      '   is  less  or  greater  than  1. 

^  II 

If,  for  instance,  we  introduce  into  these  equations  the  following  ele- 
ments, in  one  case  a  tie  costing  60  cents  in  the  roadbed,  lasting  eight 
years,  in  the  other  case  a  tie  costing  the  same  but  lasting  sixteen  years, 
2,600  ties  to  the  mile,  we  find  for  a  term  of  thirty-two  j^ears,  in  the 
first  case  an  expenditure  of  investment  and  accumulated  interest  of 
$18,131.18,  and  in  the  other  case  of  $10,836.42,  or,  since 

y,,      2600x60x1.05^  —  1  X  1.058 

y,  -         2600x60x1.051*^  —  1         -^'^^^ 

thesaving  of  the  longer-lived  tie  amounts  to  40  per  cent.     By  discount- 
ing the  difference  in  accumulated  expenditures  after  thirty-two  years, 

A 

namelv,  $7,294.76  to  the  preseut  vear,  according  to  formula  E=  —-— -,  we 

1.0^;^ 

get  the  present  capital  saving,  namely,  $1,531.90.     This  represents  the 

financial  advantage  of  the  tie  of  longer  duration  for  a  thirty-two  year 

run.     For  a  longer  run  this  amount  increases  naturally. 

The  simplest  and  most  satisfactory  way,  however,  of  comparing  two 

systems  is  by  taking  recourse  to  a  calculation  of  annual  charges. 

ANNUAL   CHARGES. 

As  we  have  seen  the  expenditure  R  occurring  now  and  recurring 
every  n  years,  like  that  for  the  renewal  of  railroad  ties,  is  changed  into 
an  annual  charge  r  by  the  formula  as  developed  above 

-^l.Oj^^O.Oj^ 
1.0i)«-l 

in  which  ^  is  the  rate  of  interest  and  1.0^=——-^ 

In  the  following  table  the  fraction    ;  ^f   '  f  has  been  computed  for 

1.0_p«— ] 

rate  of  interest  at  5  per  centum,  and  for  various  terms  of  n. 

By  multiplying  the  fraction,  given  for  1  cent  expenditure,  under  the 
term  in  which  the  expenditure  is  to  recur,  with  the  actual  amount  of 
the  expenditure  in  cents  the  annual  charge  is  found. 

This  multiplication  is  carried  out  in  the  table  for  varying  expendi- 
tures from  20  cents  to  125  cents. 
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If  the  expenditure  is  not  now  incurred,  but  becomes  first  necessary 
after  n  years  and  then  recurs  at  intervals  of  n  years,  like  the  cost  of 
replacing  railroad  ties  (assuming  that  first  laying  is  done  at  a  ditt'erent 
figure),  the  formula  for  the  annual  charge  is  changed  into 

.^    R     O.Op 
*"~1.0j?"-l 

For  this  the  needful  computations  are  found  in  Table  11. 

Exam2)Ies. 

(1)  A  hemlock  tie,  costing  40  cents  in  the  road-bed,  lasts  fis^e  years;  how  lonoj must 
it  lust  to  allow  an  additional  expouditure  of  25  cents  for  a  process  of  impregnation 
without  increasing  its  ultimate  cost? 

Find  under  column  5  (years)  the  annual  charge  for  40  cents  =  9.23;  find  for 
40 -f  25=65  cents  the  annual  charge  nearest  in  amount  to  9.23,  this,  being  9.14,  be- 
longs to  column  9  (years);  so  that  to  justify  the  expenditure  a  duration  of  between 
eight  and  nine  years  must  be  attained. 

(2)  A  railroad  company  is  offered  hemlock  ties  at  25  cents  which  will  last  five 
years,  and  oak  ties  which  will  last  eight  years  costing  45  cents.     Which  is  cheaper, 

when  the  cost  of  replacing  is  15  cents? 

Cents. 

Find  from  Table  I  for  25  cents  under  column  5  (years)  the  annual  charge 5. 78 

Add  from  Table  II  for  cost  of  replacing  every  5  years  auuual  charge  for  15 

cents 2. 72 

Annual  charge  for  hemlock  tie  = 8.50 

Find  for  45  cents  under  colum  8  (years)  the  annual  charge 6.  96 

Add  for  cost  of  replacing  every  8  years  at  15  cents 1.58 

Annual  charge  for  oak  tie  = 8. 54 

The  oak  tie  under  such  conditions  can  only  indirectly  be  cheaper  by  being  more 
easily  kept  in  condition. 

(3)  It  is  proposed  to  increase  the  life  of  the  hemlock  tie,  by  means  of  burnettizing, 
to  sixteen  years ;  how  much  can  be  paid  for  the  process  in  order  not  to  exceed  the 
cost  of  an  oak  tie,  and  what  is  the  amount  of  saving  in  capital  over  an  oak  tie,  if  the 
process  can  be  kepD  at  20  cents  j^er  tie,  when  there  are  2,600  ties  per  mile  and  15 
cents  per  tie  must  be  paid  for  first  laying  and  again  for  replacing  ? 

The  annual  charge  for  the  oak  tie  having  been  found,  as  above,  to  be  8.54  cents, 
look  under  column  16  (years)  for  an  annual  charge  of  the  same  or  nearly  the  same 
amount ;  this  is  8..30  cents,  corresponding  to  an  expenditure  of  90  cents;  add  to  this 
annual  charge,  that  for  1  cent  as  many  times  as  it  is  necessary  to  bring  it  up  to 
8.54  or  2i  by  0.09,  which  brings  the  annual  charge  for  the  hemlock  tie  to  8.53,  cor- 
responding to  an  expenditure  of  92^}  cents,  or  siiice  the  hemlock  tie  originally  cost 
25  cents  we  may  spend  67^  cents  for  the  preserving  process  and  yet  keep  the  financial 
value  of  the  hemlock  tie  at  least  equal  to  that  of  the  untreated  oak  tie. 

If  we  can  keep  the  cost  of  process  at  20  cents,  making  the  hemlock  tie  in  the  bed 
25  +  20  -f  15  =  60  cents,  and  the  oak  tie  45  -f  15  =  60  cents,  the  annual  charge  for  the 
oak  tie  is  9.28,  or  per  mile  of  2,600  ties  $241.28;  the  annual  charge  for  the  hemlock 
tie  is  5.53,  or  per  mile  of  2,600  ties  $143.78;  the  capital  corresponding  to  these 
charges,  bearing  interest  at  5  per  cent.,  would  be 

For  oak. $4,825.60 

J'or  hemlock 2,875.60 

Difference 1,950.00 
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That  is  to  say,  although  the  original  expenditure  is  the  same  iu  both  cases, 
namely,  60  X  2,600  =$1,560,  iu  the  long  rnn  the  tie  of  twice  the  duration  effects  a 
saving  of  more  than  its  original  cost. 

(4)  A  metal  tie  costing  $1.25,  lasting  thirty  years,  and  then  being  worth  for  old  iron 
50  cents,  requires  an  expenditure  of  30  cents  to  lay  down  first  and  then  of  40  cents  for 

replacing ;  what  is  the  proper  annual  charge  ? 

Cents. 

The  annual  charge  for  $1.25  through  30  year  terms,  according  to  Table  I,  is 8. 12 

This  is  diminished  by  the  annual  charge  on  50  cents  recurring  after  the  first  term 
of  thirty  years,  according  to  Table  II,  namely, 0. 75 


7.37 
To  this  must  be  added  from  Table  II,  the  annual  charge  on  40  cents,  recurring 
every  thirty  years  after  the  first  term  = 0. 60 


7.97 
and  also  the  annual  charge  for  the  initial  expenditure  of  30  cents  occurring  only 

once  according  to  formula  r=R  ,-^-^ — ^,-i^  which  for  %  =  qo  becomes  =    ,    '  ^ 
*  1.0p«+i— 1  l.Op 

or  for  30  cents  and  5  per  cent,  rate  of  interest — ?"n-"~  =    ^'  '^'^ 

making  total  proper  annual  charge  9.40 

Such  a  tie,  then,  would  be  financially  superior  to  an  oak  tie  costing  .55  cents  laid 
and  lasting  seven  years,  or  to  a  preserved  tie  costing  85  cents  in  the  road-bed  and 
lasting  twelve  years,  as  can  be  readily  seen  by  finding  the  corresponding  annual 
charges  in  Table  I 
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REPORT  ON  THE  CONSUMPTION  OF  TIES  AND  OTHER  LUMBER  BY  RAIL- 
ROADS IN  THE  UNITED  STATES. 


Tlie  following  tabulation  is  made  up  from  reports  of  the  railroad 
companies  named,  kindly  furnished  in  answer  to  a  circular  of  inquiry. 

The  various  roads  have  been  grouped  in  sections,  in  order  more 
readily  to  compare  their  requirements  for  wood  material  with  conditions 
of  supply.  The  foot-notes  are  made  up  from  the  general  statements  ac- 
companying reports  or  from  published  annual  reports  of  the  roads.  The 
roads  are  numbered  consecutively^  and  foot  notes  refer  to  the  roads 
whose  numbers  they  bear. 

To  admit  a  comparison  of  prices,  those  reported  to  this  Department 
in  a  similar  canvass  six  years  ago  have  been  added  in  italics. 

The  summary  which  heads  the  tabulation  of  separate  reports  is  cal- 
culated npon  the  basis  of  these  reports ;  the  mileage  of  total  track, 
where  not  stated  in  the  reports,  has  been  based  upon  that  given  in 
Poor's  Manual  for  1888,  with  due  consideration  of  double  track  and 
sidings.  The  mileage  of  roads  reporting  refers  to  either  1888  or  1889, 
and  the  reports  themselves  cover  varying  periods  of  twelve  months 
during  this  period. 

Altogether,  approximations  only  can  be  expected  from  inquiries  of 
this  kind,  but  they  are  quite  sufficient  for  the  purposes  in  view. 

In  regard  to  the  summary,  the  following  remarks  are  in  place. 

The  nuniber  of  ties  per  mile  in  track  has  been  ascertained  by  multi- 
plying the  reported  mileage  of  each  road  by  the  number  of  ties  used 
for  each  mile  of  road,  adding  up  the  sums  thus  obtained  and  dividing 
by  the  total  mileage  reported  in  the  section.  From  this  the  total  number 
of  ties  in  track  appears  to  be  515,892,918. 

The  number  of  ties  used  for  renev»al  is  evidently  an  understatement  of 
average  conditions,  since  this  would  make  the  average  life  of  ties  eight 
and  threefourtbs  years,  which  it  is  impossible  to  believe.  It  is  likely 
that  in  many  cases  the  year  for  which  the  report  was  made  has  been 
one  in  which,  for  various  reasons,  less  replacement  has  been  effected 
than  usual  on  the  reporting  roads.  The  increased  new  mileage,  espe- 
cially of  Western  roads,  also  tends  to  make  the  proportionate  require- 
ment for  renewals  appear  less  than  it  is  in  reality.  By  taking  tbe  pro- 
portionate number  of  ties  of  various  timbers  used  as  calculated  upon 
the  percentages  of  each  reported,  multiplying  this  by  the  average  life 
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for  each  kind  and  dividing  by  the  total  number  of  ties  laid  in  the  year  of 
the  report,  the  average  life  per  tie  would  come  to  6.6  years.  This  would 
briug  the  annual  average  requirement  for  renewal  to  round  80,000,000 
ties,  which  is  probably  nearer  the  truth  and  brings  the  average  number 
of  ties  per  mile  needed  for  renewals  to  417,  or  15.5  per  cent,  of  ties  in 
track. 

One  of  the  roads  reporting  has  adopted  a  simple  method  of  ascer- 
tainiug  the  durability  of  ties,  hy  making  a  notch  on  the  face  of  the 
tie,  near  one  end,  on  placing  it  in  the  track,  and  adding  a  notch  each 
year  afterwards  while  it  remains  in  the  roadbed. 

The  cross-section  of  ties,  as  commonly  used  by  the  various  roads  (the 
-f  sign  in  the  tabulation  denoting  that  larger  cross-sections  are  also 
employed),  allows  a  ready  calculation  of  the  size  of  the  tie. 

There  is  a  wide  range  in  the  area  of  cross-sections,  extending  from 
36  to  90  inches,  making  a  variation  in  the  solid  contents  of  the  tie  from 
3.15  to  Sory  cubic  feet.  While  in  some  cases  the  larger  dimensions  in- 
dicate inferior  timber,  in  many  cases  the  best  and  most  valuable  timber 
is  used  for  ties  of  the  largest  size. 

In  thickness,  6  inches  are  specified  commonly  by  the  roads  of  the 
Kew  England,  Central  ^N'orthern,  Northwestern,  and  Southwestern 
groups,  while  the  Middle  Atlantic,  South  Atlantic,  and,  to  some  extent, 
the  Central  Northern  and  Gulf  groups  prefer  ties  7  inches  thick.  As  to 
width,  the  New  England  roads  demand  usually  an  average  of  6  inches, 
and  in  two  cases  only  5.  A  width  of  7  inches  is  called  for  in  all  the 
groups,  but  chiefly  by  the  Middle  Atlantic  and  Central  Northern.  Half 
the  call  for  ties  8  inches  in  width  is  from  the  Central  Northern  group, 
the  balance  mainly  from  southern  regions,  and  the  demand  for  a  width 
of  9  inches  is  mostly  from  the  South.  While,  no  doubt,  the  weight  of 
the  tie,  approximately  indicated  by  its  cross-section,  is  an  important 
factor  in  its  efficient  service,  it  is  questionable  whether  these  large  cross- 
sections  are  chosen  and  adjusted  with  this  demand  in  view.  Probably 
local  conditions,  which  allow  or  make  more  convenient  the  use  of  large 
dimensions  (as  from  the  virgin  forests  in  the  South),  dictate  these  speci- 
fications. 

There  is  great  diversity  in  the  dimensions  of  ties  used.  Of  the  roads 
reporting,  51,  or  62.5  per  cent,  of  all,  use  ties  8  feet  in  length,  and  10, 
or  a  little  more  than  12.5  per  cent.,  demand  ties  9  feet  long.  Ties  of  8 
feet  length  are  used  in  all  the  groups  except  the  Gulf  and  Middle  At- 
lantic. Ties  8J  feet  in  length  are  used  chiefly  in  the  Middle  Atlantic 
and  Central  Northern  groups,  while  those  9  feet  in  length  are  used 
almost  exusively  in  the  South  Atlantic  and  Gulf  groups. 
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REPORT 


ox   THE 


SUBSTITUTION  OF  METAL  FOR  WOOD  IN  RAILROAD  TIES, 


BY 


E.   E.   RUSSELL  TRATMAN,  C.  E. 


nS 


S 


U 


I  JitlcS  ( 


LETTER  OF  TRANSMITTAL. 


103  Tribunii  Building, 

]^EW  York  City, 

January  31,  1890. 

Sir  :  Herewith  I  submit  my  final  report  upon  the  use  of  mstal  track 
on  railways  as  a  substitute  for  wooden  ties. 

This  report  presents  at  considerable  length,  and  in  considerable  de- 
tail, the  development  of  the  use  of  such  track  in  many  foreign  coun- 
tries, the  experience  thus  obtained  and  the  present  state  of  the  metal 
track  question.  The  bulk  of  the  information  has  been  obtained  from 
ollicial  sources.  Foreign  railway  managements  as  a  rule  have  mani- 
fested great  courtesy  and  a  willingness  to  furnish  full  information  both 
in  regard  to  the  various  systems  of  track,  the  conditions  of  service,  and 
the  results  obtained.  In  order  to  show  the  thoroughness  of  my  inves- 
tigation, I  may  state  that  my  memoranda  show  personal  letters  of 
application  for  information  written  to  over  three  hundred  individuals, 
of  wliom  about  two  hundred  have  replied.  A  large  number  of  the 
replies  have  been  very  full  and  complete,  and  have  been  accompanied  bj^ 
drawings,  rei)orts,  etc.  Many  of  these  returns  necessitated  farther  cor- 
respondence, asking  for  missing  links  of  iuformation,  more  complete 
data,  etc.,  or  sending  iuformation  requested  by  the  persons  making  the 
returns.  .  The  total  of  the  direct  correspondence  has  amounted  to  about 
six  hundred  letters,  with  about  three  hundred  communications  received. 
These  figures  are  exclusive  of  requests  for  iuformation  included  in  pri- 
vate or  general  business  correspondence.  Circulars  containing  a  re- 
quest for  information,  with  a  list  of  questions  showing  the  character  of 
the  information  desired,  have  been  sent  out  with  most  of  the  letters  of 
inquiry,  and  have  also  been  sent  to  many  of  the  foreign  technical  and 
engineering  papers.  A  copy  of  the  circular  is  appended.  In  all,  about 
five  hundred  ot  these  circulars  have  been  sent  out.  Most  of  the  infor- 
mation obtained,  and  that  of  the  most  complete  and  valuable  character, 
has  been  received  in  answer  to  the  [)ersonal  letters  of  application  for 
information.  The  American  and  foreign  technical  and  engineering 
journals  have  been  studied  for  published  information  relating  to  the 
matters  under  investigation. 

The  report  presents  the  results  of  more  than  twoyearsof  direct  work 
and  Investigation  for  this  special  purpose,  but  the  subject  is  one  which 
has  occupied  my  attentiou  for  a  longer  time. 
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It  will  of  course  be  understood  that  the  rail  support  itself  cau  uot 
be  considered  independently,  and  therefore  detailed  information  is  pre- 
sented in  regard  to  conditions  of  track,  traffic,  and  rolling-  stock,  all  of 
which  conditions  have  an  important  bearing  upon  the  general  question 
of  the  substitution  of  metal  for  wooden  supports  for  the  rail. 

The  report  covers,  as  will  be  seen  b}^  the  tabular  summary  accompa- 
nying it,  nearly  25,000  miles  of  railway  laid  with  metal  track,  out  of  a 
total  mileage  of  the  world  (exclusive  of  the  United  States  and  Canada) 
of  187,721  miles,  or  a  relation  of  13.21  per  cent,  to  this  total  mileage. 
Allowing  for  omissions  (which  will  uecessaril3'  occur  in  a  work  of  this 
extent),  incomplete  returns,  figures  not  brought  up  to  recent  date,  etc., 
there  is  probably  a  total  length  of  about  30,000  miles  of  railway  having 
metal  track,  or  a  relation  of  nearly  LG  per  cent,  to  t'ne  total  mileage  of 
the  world  (exclusive  of  the  United  States  and  Canada).  These  few 
figures  show  at  a  glance  the  great  importan-e  of  the  subject  considered 
in  this  report,  and  show  also  that  in  other  countries  the  subject  has 
long  ago  passed  the  experimental  stage  in  which  it  still  rests  in  this 
country.  The  first  part  of  tlie  report  is  devoted  to  details,  descriptions, 
and  statistics  relating  to  the  several  railways,  and  this  matter  is  com- 
piled mainly  from  official  returns  and  statements.  The  second  part  of 
the  report  consists  of  a  general  review  of  the  subject,  and  a  summary 
of  the  information  on  several  points. 

I  am  particularly  pleased  to  be  able  to  show  in  this  report  that  in  the 
United  States  the  subject  is  now  receiving  much  attention  by  railway 
men,  and  that  practical  tests  on  a  scale  sufficiently  large  to  enable 
definite  conclusions  to  be  made  and  opinions  to  be  formed  are  now  in 
progress  in  this  country.  Valuable  results  may  be  expected  from  these 
trials,  and  they  will  certainly  tend  to  increase  to  a  considerable  extent 
the  general  interest  which  is  felt  by  railway  men  in  this  subject.  It 
is  to  be  hoped  that  the  results  will  be  such  as  to  lead  to  an  extensive 
introduction  of  tested  and  approved  forms  of  ties.  It  may  be  taken  for" 
granted  that  the  tie  adopted  will  be  an  American  production  and  not 
an  importation. 

It  is  the  object  of  this  report  to  bring  the  matter  clearly  and  fully  be- 
fore the  practical  railway  men  and  railway  financiers.  It  will,  I  think, 
show  that  the  use  of  metal  ties  is  not  only  in  the  interest  of  forestry  and 
the  preserv^ation  of  the  timber  resources  of  the  country,  but  is  also  in 
the  interest  of  tlie  railways  by  reason  of  the  reduction  in  maintenance 
expenses  and  the  increased  safety  in  operation.  The  introduction  of 
metal  ties  will  therefore  be  for  the  benefit  of  the  forests,  the  railway 
companies,  and  the  public. 

I  am,  sir,  respectfully  yours, 

E.   E.   KUSSELL  TRATMA.N, 

Jun.  Am.  jSoc.  C.  E. 
B.  E.  Feunow,  Esq., 

Chief  of  Forestry  Division,  Deiiartment  of  Agriculture, 

Washington,  D.  G, 


CIRCULAR. 


The  following'  ciicnliir  was  addressed  to  luinierous  railway  companies, 
managers,  and  engineers  in  foreign  countries,  and  also  to  manufacturers 
and  others  possessing-  information  upon,  or  likely  to  be  interested  in, 
the  subject  of  metal  track  for  railways. 

METAL  TRACK  FOR  RAILWAYS. 

The  information  outlined  below  is  desired  for  the  purpose  of  a  report  to  the  IT.  S. 
Department  of  Agriculture  on  the  use  of  metal  ties  (sleepers)  for  railway  tracks,  and 
it  is  requested  as  a  favor  that  all  information  furnished  should  be  as  comrdete  as 
po.ssil)le  and  sent  at  the  earliest  possible  couveuieuce. 

Respectfully, 

E.  E.  Russell  Tratman,  C.  E., 
103  Tribune  Biiildhtg,  New  York  City,  V.  S.  America^ 

INFORMATION. 

Tie  (sleeper) — Continued. 

22.  Durability. 
Track : 

23.  Material  of  ballast. 

24.  Behavior  of  ballast  under  sleeper. 

25.  Construction  of  road-bed.  (Draw- 
ing.) 

26.  Section  and  weight  of  rail. 

27.  Rail  joints;  how  made. 

28.  Rail  joints ;  on  sleeper  or  sus- 
pended. 

29.  Reasons  for  adopting  metal  sleep- 
ers. 

30.  General  results;  satisfactory  or 
otherwise. 

31.  Is  the^e  trouble  with  maintenance 
of  track  ? 

32.  Is  there  trouble  with  rail  attach- 
ments? 

33.  Is  there  trouble  from  breakages; 
how  and  where  do  they  usually 
occur  ? 

34  Efficiency,  etc.,  as  compared  with 
wooden  sleepers. 

35.  Cost,  material,  and  durability  of 
wooden  sleepers. 

36.  Climate,  and  eftect  of  same  on 
metal  or  wooden  sleepers. 

37.  General  remarks. 

38.  Opinions. 


Railway : 

1.  Name. 

2.  Route. 

3.  Length  of  lines  laid  with  metal 

ties  (sleepers). 

4.  Character  of  same.     (Particulars 

of  grades,  curves,  etc.) 

5.  Dates  when  laid. 

6.  Engineer  in  charge. 

7.  Character  of  traffico 

8.  Weight  of  locomotives  and  weight 

on  driving  wheels. 
Tie  (sleeper) : 

9.  Longitudinal,  transverse,  or  bowl. 

10.  General  form. 

11.  Dimensions,  including  thickness. 

(Figured  drawings.) 

12.  Weight. 

13.  Material. 

14.  Spacing,  center  to  center. 

15.  How  treated.     (Paint,    anti-rust 

process,  etc.) 

16.  Manufacturer. 

17.  First  cost,  at  factory  or  delivered. 

18.  Expense  of  maintenance. 

19.  Attachment  of  rails.    (Details  and 

drawings.) 
Arrangements  for  curves. 
Tie-rods ;  if  used,  how  attached 


20. 
21. 


and  adjusted  for  gauge. 

Note. — The  writer  of  this  report  will  be  pleased  to  be  notified  of  any  omibsions  or 
corrections,  and  to  receive  additional  information,  with  drawings,  reports,  statistics, 
or  other  matter  relating  in  any  way  to  the  general  subject  of  this  report.  He  will 
also  be  pleased  to  have  correspondence  with  persons  interested  in  the  subject.  All 
communications  should  be  addressed  to— E.  E.  Russkll  Tratman,  C.  E.,  Room  103, 
Tribune  Building,  New  York  City,  U.  S.  America. 


ERRATA. 

Note. — Owing  to  the  departure  of  Mr.  Tratraan  for  England  before  tlie  report  on 
Metal  Track  could  be  put  into  print,  the  proof-reading  and  the  making  of  the  index 
devolved  upon  tbe  undersigned,  both  of  which  tasks  have  been  very  difficult  on 
account  of  the  exceedingly  technical  character  of  the  report.  There  may  be  found, 
therefore,  in  addition  to  the  errata  below,  others  that  have  been  overlooked,  and  the 
index  may  not  prove  so^  valuable  as  the-  author  himself  could  have  made  it;  any 
deliciencies  in  these  respects  the  reader  is  asked  to  excuse  and  emend. 

B.  E.  Fernow. 

Page  29,  line  16  from  top,  read  ''  Torley  "  for  "  Tooley." 

Page  59,  Jine  6  from  top,  read  "designed"  for  "  describes." 

Page  59,  line  12  from  bottom,  read  "  Greaves"  for  "Graves." 

Page  C5,  after  line  8  from  bottom,  add  "  some  of  the  earlier  Webb  ties  were  rande 
with  closed  ends." 

Page  69,  line  24  from  bottom,  the  paragraph  beginning  *'  The  track  of  this  road" 
should  have  been  set  in  the  larger  type,  as  it  is  not  a  part  of  the  letter  quoted  in  the 
two  paragraphs  preceding. 

Page  70,  after  line  16  from  top,  add  "  Steel  ties  are  said  to  be  laid  on  the  Harrow 
extension." 

Page  70,  line  24,  beginning  at  "As  regards  maintenance"  the  remainder  of  the 
paragraph  should  have  been  set  in  the  larger  type,  as  it  is  not  a  part  of  the  letter 
quoted  immediately  above. 

Page  70,  after  line  3  from  bottom,  add  "  These  ties  are  still  in  use." 

Page  78,  line  15  from  bottom,  read  "  had"  for  "  have." 

Page  86,  line  7  from  bottom,  read  "  Fraisant "  for  "  Fraisans." 

Page  89,  line  2  from  top,  read  "  designed  by  the  engineers  of  the  company  "  instead 
of  "  invented."  j 

Page  91,  line  13  from  top,  read  "  Contamin"  for  "Contanuin."  2 

Page  92,  line  2  from  bottom,  read  "  cotter  "  for  "  cotler." 

Page  95,  line  5  from  top  ;  page  136,  line  14  from  top ;  page  145,  line  13  from  top  and 
line  16  from  bottom,  read  "  Hoesch  "  for  "Hosch." 

Page  98,  line  14  from  top,  and  page  101,  line  17  from  bottom,  (\  should  be  used 
instead  of  /^. 

Page  117,  line  1  from  top,  "  |  beam"  should  read  "  I-beam." 

Page  166,  line  9  from  bottom,  "28  inch  thick"  should  read  ".28  inch  thick  "  and 
"36  inch  thick"  should  read  ".36  inch  thick." 

Page  181,  line  7  from  bottom,  "  34  miles  "  should  read  "  30  miles." 

Page  181,  line  2  from  bottom,  "  vertical  1  inch  "  should  read  "  vertical  for  1  inch." 

Page  188,  drop  all  Notes  from  "  Being  relaid,  etc."  to  Note  :  "  Ties  in  good  condi- 
tion," each  one  line.  "Buckled  steel"  refers  to  Steel  Ties  only ;  "5  miles,  etc.," 
refers  to  Vautberin  ties  only. 

Page  205,  line  19  from  top,  "for  "  should  read  "  from." 

Page  205,  line  19,  "The  ties  were  made  for  plates"  should  read  "  The  ties  were 
made  from  plates." 

Page  248,  line  6,  "  4085  miles  "  should  read  "  4.085  miles." 

Page  256,  line  14,  "rig"  should  read  "rib." 

Page  262,  line  1,  "  put  up  down  "  should  read  "  put  down." 

Page  263,  line  23  from  ton,  "  Cardova"  should  read  "  Cordova." 

Page 286,  line  19  from  bottom,  the  brace  used  should  have  been  as  follows:/ " — |  (^ 

Page  318,  "  standard  "  should  read  "  Standard." 

Page  325,  line  9  from  top,  for  "  railways  will"  read  "railway  ties  will." 

Plate  VIII,  first  tie  marked  0  should  bear  name  "  Cosijns  type." 
58 
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USE  OF  METAL  TIES  ON  RAILWAYS  IN  FOREIGN  COUNTRIES 
AND  IN  THE  UNITED  STATES. 


Section  1.— EUROPE. 

General  Remarks. — The  idea  of  using  metal  supports  for  railway 
rails  was  considered  in  the  early  days  of  railways.  Mr.  R.  M.  Stephen- 
son, in  his  *'  Rudimentary  Treatise  on  Railways,"  published  in  London 
in  1850,  describes  the  five  systems  mentioned  in  the  following  para- 
graph : 

Mr.  Barlow  describes  a  cast-iron  combined  longitudinal  and  chair 
which  was  tried  on  the  Southeastern  Railway.  Each  longitudinal 
stringer  was  in  two  pieces,  with  one  side  of  the  rail  chair  upon  each 
piece ;  when  put  together,  with  the  rail  in  place,  a  bolt  (or  two  bolts  at 
the  joint  chairs),  was  passed  through  the  lower  part  of  each  chair,  under 
the  rail,  holding  the  two  pieces  together,  i^o  transverse  connections 
are  mentioned  or  illustrated,  but  presumably  tie  rods  or  bars  were  used. 
Mr.  W.  Brunton's  track  was  very  similar,  but  had  a  deeper  web  along 
the  under  side  of  the  longitudinal,  and  the  top  instead  of  being  longi- 
tudinal sloped  upwards  from  the  middle,  forming  a  wideshallow  V  trough, 
with  the  rail  along  the  middle.  Mr.  Greaves'  system  consisted  of  two 
hollow  cast-iron  bowls  in  the  shape  of  the  frustum  of  a  cone  and  con- 
nected by  two  tie-rods,  one  at  the  top  and  the  other  at  the  bottom  of  the 
bowls.  A  rail  chair  was  cast  on  the  top  of  each  bowl,  and  the  rails  were 
keyed  in  the  chairs  in  the  usual  way.  Mr.  W.  H.  Barlow  patented  a 
track  with  cross-ties  bent  up  at  the  rail  seats  to  tit  the  wide  flanges  of 
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the  Barlow  bridge  rail ;  another  plan  was  to  have  a  bridge  rail  bolted 
to  a  plate  bent  to  the  required  form,  and  all  bolted  to  the  tie.  Mr. 
Macdouald  Stephenson's  system  consisted  of  kite-shaped  plates  of  boiler 
iron  one-half  or  five-eighths  of  an  inch  thick,  with  both  ends  turned  up 
and  notched  to  receive  the  rail.  The  rail  joints  were  secured  by  a  taper 
wedge  or  key  driven  between  the  rail  and  the  side  of  the  notch  in  the 
plate.  The  plates  formed  a  continuous  bed  under  each  rail,  and  were 
connected  at  the  r^il  joints  by  transverse  tie-rods. 

About  1853  iron  longitudinals  on  the  Macdonnell  system  were  laid 
under  the  Brunei  rails  of  bridge  section  on  the  Bristol  and  Exeter 
Eailway  (now  a  part  of  the  Great  Western  Eailway  system),  and  in  1880 
were  reported  by  Mr,  Walter  Browne  to  be  still  in  good  condition. 
They  were  all  out  of  the  main  track,  however,  in  1888.  (See  Great 
Western  Eailway.)  Oast-iron  bowls  had  been  tried,  experimentally,  pre- 
vious to  1877  on  the  Great  Northern  Eailway  and  other  lines  running 
out  from  London.  Within  the  present  decade  steel  cross-ties  have  been 
tried  on  a  number  of  roads,  generally  in  connection  with  the  standard 
English  system  of  double-headed  or  bull-headed  rails  in  chairs.  No 
railway  has  really  adopted  steel  ties,  but  Mr.  Webb,  of  the  London  and 
Northwestern  Eailway,  has  laid  down  about  56  milesof  his  system  at  dif- 
ferent parts  of  the  line,  and  a  few  trial  lots  of  the  same  system  have  been 
tried  on  other  main  lines,  but  only  for  experiment.  A  steel  cross-tie  with 
heavy  steel  rails  of  flange  section  is  being  tried  on  the  Northeastern  Eail- 
way, and  this  experiment  is  of  special  interest,  as  the  type  of  track  is 
similar  to  that  which  would  probably  be  used  in  this  country  should 
steel  ties  be  introduced,  and  as  it  is  under  severe  conditions  of  traffic 
its  behavior  will  be  some  guide  for  American  railway  engineers.  An 
English  engineer  writing  to  me  in  December,  1888,  on  this  subject,  made 
the  following  remarks : 

The  chief  difiSculty  is  iu  the  adaptation  of  the  steel  sleepers  [ties]  to  the  double- 
headed  rail,  as  it  does  not  make  a  good  job,  although  perhaps  Mr.  Webb  would  say 
to  the  contrary.  The  steel  sleeper  is  essentially  a  sleeper  for  flat-bottomed  [flange] 
rails,  and  until  our  railway  companies  alter  their  rails  I  do  not  think  steel  sleepers 
will  come  into  general  use.  The  Northeastern  Railway  Company  is  now  trying  3  or  4 
miles  with  a  flat-bottomed  rail  on  a  steel  sleeper,  and  there  appears  some  promise  iu 
this,  but  it  will  take  years  to  convert  English  engineers  to  the  steel  sleeper  ;  there 
are  some  conditions  of  traffic  opposed  to  it,  as  well  as  the  satisfactory  experience 
with  our  present  system. 

With  the  English  system  of  track,  the  rails  are  supported  in  cast-iron 
chairs,  weighing  from  20  to  5Q  pounds  each,  placed  one  at  each  end  of 
every  tie,  and  this  practice  tends  to  reduce  very  greatly  any  cutting  of 
the  tie,  as  the  weight  coming  upon  the  rail  is  distributed  over  an  area 
of  about  7  by  12  inches,  or  7  by  15  inches,  so  that  the  ties  can  be  counted 
upon  to  last  out  their  natural  life ;  while  in  this  country  the  flange  of 
the  rail,  4  to  5  inches  wide,  cuts  into  the  ties,  so  that  they  have  often  to 
be  taken  out  before  decay  has  commenced.  It  may  be  mentioned,  how- 
ever, that  metal  tie-plates  are  now  being  introduced  here  to  reduce  this 
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cutting  of  ties.  English  track,  tlierefore,  with  preserved  ties  and  a 
broad  surface  to  carry  the  heading,  is  very  econoinieal  in  maintenance, 
;ukI  -Mr.  Owen,  the  engineer  of  the  Great  Western  Kailway,  stated  in 
September,  1889,  that  as  long  as  creosoted  timber  ties  can  be  obtained 
at  any  tiling  like  the  present  prices,  there  is  no  probability  of  metal  ties 
being  generally  adopted  on  English  railways.  The  life  of  wooden  ties 
used  in  England  is  estimated  at  from  eight  to  thirty  years.  Descrip- 
tions and  illustrations  of  the  track  on  different  roads  may  be  found  in 
my  paper  on  "  English  Railway  Track"  (Transactions  of  the  American 
Society  of  Civil  Engineers,  New  York.    June,  1888). 

The  manufacture  of  metal  ties  is  a  very  large  industry  and  is  carried 
on  by  a  number  of  the  most  imj)ortant  steel  works  and  foundries.  Up 
to  1888  about  5:25,000  tons  of  steel  ties  had  been  manufactured,  and 
about  70,000  or  80,000  tons  have  been  turned  out  since;  most  of  these 
are  for  India,  with  a  few  hundred  tons  for  railways  at  home  and  in 
other  countries.  Very  large  quantities  of  cast-iron  ties  have  also  been 
manufactured  for  export,  principally  plates  and  bowls  for  India  and 
bowls  for  South  America.  Up  to  June,  1888,  about  2,000,000  pairs  of 
plates  for  double-headed  rails  and  600,000  pairs  of  plates  for  flange 
rails,  had  been  supplied  for  railwaj^s  in  India. 

Northeastern  Railway. — Some  years  ago  several  steel  ties  of 
tlie  type  designed  by  Mr.  Charles  Wood,  of  Middlesborough,  were 
tried  for  about  two  and  a  half  years,  under  the  supervision  of  Mr.  Cud- 
worth,  the  engineer.  It  is  stated  that  the  results  were  not  very  satis- 
factory, as  the  ties  cracked  where  pierced  for  the  fastenings,  and  the 

I  fastenings  themselves  were  very  liable  to  wear.  (See  Wood's  Ties.)  I 
was  informed  in  July,  1889,  that  they  had  all  been  taken  out  some  time 
since.     The  ties  were  of  inverted-trough  section ;  the  fastenings  con- 

i  sisted  of  a  crescent-shaped  piece  of  steel,  with  the  ends  projecting  up 
through  holes  in  the  tie :  one  end  was  shaj^ed  to  hold  the  rail-flange 

I  and  the  other  end  extended  nearly  to  the  height  of  the  rail-head,  a 

I  wooden  key  being  driven  between  it  and  the  web  of  the  rail.  Some  steel 
ties  of  the  type  designed  by  Mr.  Webb,  of  the  London  and  Northwestern 
Railway,  have  been  in  service  on  the  Stockton  and  Darlington  section, 
and  on  a  piece  of  track  north  of  Ferryhill.  In  July,  1889,  they  had  been 
in  service  about  four  and  a  half  years,  and  had  given  satisfactory  re- 

I  suits,  but  having  riveted  jaws  or  chairs  they  were  of  course  expensive. 

!  In  1887  an  experiment  was  begun  with  some  steel  ties  designed  by 
Mr.  Cabry,  the  chief  engineer,  and  Mr.  Kiuch,  one  of  the  resident 
engineers.  (See  Plate  No.  1.)  About  10,000  of  these  ties  are  now  in 
service  on  the  Central  Division,  and  on  the  main  line  on  the  Northern 
and  Southern  Divisions,  where  the  traffic  is  heaviest  and  where  the 
trains  run  at  the  highest  speeds.  Under  these  conditions  they  have 
mven  such  excellent  results  that  in  July,  1889,  the  directors  of  the 
company,  so  I  am  informed,  ordered  a  further  supply.  One  of  the  most 
noticeable  features  of  this  track  is,  that  steel  flange  rails,  weighing  91 
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pounds  per  yard,  are  used  instead  of  the  double-headed  or  bull-headed 
rails  generally  used  on  English  railways.  The  tie  is  stamped  out  of  a 
steel  plate  and  is  of  inverted  trough  section  with  a  ver^'  narrow  flange 
or  rib  on  the  lower  edges,  being  a  modiflcation  of  the  Yautherin  type 
of  tie.  The  ends  are  open.  It  is  8  feet  long,  8  inches  wide  on  top,  3J 
inches  deep,  and  12  inches  wide  at  the  bottom.  It  is  of  uniform  section 
throughout,  with  a  uniform  thickness  of  three-eighths  of  an  inch.  Its 
weight  is  150  pou^uds.  In  the  operation  of  stamping,  tbe  part  under 
each  rail  is  pressed  up  at  an  angle  to  give  the  rail  the  usual  inward 
inclination  of  1  in  20.  At  the  same  operation  four  pieces  are  pressed 
up  out  of  the  metal  at  each  rail  seat ;  three  of  these  are  on  the  outside 
of  the  rail,  one  forming  a  clip  or  jaw  to  hold  the  rail-£.ange,  the  other 
two  being  studs  against  which  the  rail  flange  abuts  and  which  keep  the 
gauge  exact;  the  fourth  projection  forms  a  jaw  to  hold  the  inner  flange 
of  the  rail.  The  jaw  on  the  outer  side  is  2^  inches  wide  and  bears  five- 
eighths  of  an  inch  in  upon  the  rail-flange;  the  jaw  on  the  inner  side  is 
3J  inches  wide  and  projects  about  three-eighths  of  an  inch  over  the  rail- 
flange  but  does  not  touch  it,  leaving  space  for  the  steel  wedge  or  key 
to  be  driven  tightly  between  the  jaw  and  the  rail-flange.  The  keys  are 
tapering,  8  inches  long,  are  split  at  the  smaller  end,  and  weigh  IJ 
pounds  each.  In  the  track  the  ties  are  spaced  eleven  to  a  rail  length 
of  30  feet,  averaging  2  feet  8J  inches  from  center  to  center.  It  is  said 
that  they  compare  favorably  in  cost  with  the  present  system  of  wooden 
ties  and  cast-iron  cl.airs,  and  it  is  expected  that  by  their  use  the  cost 
of  maiuteoance  of  the  track  will  be  materially  reduced.  In  July,  1889. 
they  had  been  in  service  for  eighteen  months,  and  had  given  very  satis- 
factory results.  Their  maintenance  had  given  no  trouble,  and  the  cost 
of  maintenance  was  as  nearly  as  possible  the  same  as  that  of  track  on 
wooden  ties.  The  ties  are  manufactured  by  Messrs.  Bolckow  &  Vaughan, 
of  Middlesborough,  and  some  of  them  have  been  sent  to  Italy  to  be  tried 
as  an  experiment.  They  were  patented  in  the  United  States,  November 
13,1888  (No.  392,819). 

The  rails  are  of  flange  section,  weighing  91  pounds  per  yard ;  they 
are  5J  inches  high  with  a  flange  5i  inches  wide  and  a  head  2^^  inches 
wide.  To  put  a  rail  in  position  it  is  tilted  slightly  and  the  inner  side  of 
the  flange  slipped  under  the  inner  jaw,  suflicient  space  being  then  al- 
lowed for  the  outer  side  of  the  flange  to  clear  the  outer  jaw  ;  when  on 
its  seat  the  rail  is  slid  under  the  outer  jaw  and  the  key  driven  on  the 
inner  side  of  the  rail.  As  the  rail-flange  is  overlapped  by  both  jaws,  it 
cannot  be  forced  out  of  them  by  the  side  pressure  of  the  wheels  of 
trains  even  if  the  keys  are  displaced,  though  it  migbt  be  tilted  over  a 
little.  The  heaviest  engines  in  use  are  tank  engines,  with  a  wheel-base 
of  22  feet  6  inches ;  they  weigh  55f  gross  tons  and  have  16J  tons  on  the 
driving-wheels. 
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The  t'ollowiug'  tables,  i)repared  by  Mr.  Cabry,  the  chief  engiueer,  and 
Mr.  Worsdell,  the  U^coinotive  superiuteiHlent,  in  December,  188cS,  show 
the  cost  of  the  track  witii  thmjue  rails  on  steel  ties  and  the  cost  of  the 
ordinary  track  laid  with  bull-headed  rails  in  cast  iron  chairs  on  wooden 
ties.  Both  are  exclusive  of  ballast.  I  have  reduced  the  figures  to 
American  money. 

statement  of  cost  of  1  mile  of  single  track  on  steel  ties. 


Materials. 


Steel  flange  rails,  90  pounds  per  yard 

Fish-plates,  13  pounds  each    

Fish-bolts  and  nuts,  1^  pounds  each. . 


Steel  ties,  150  pounds  each 
Steel  keys,  U  pounds  each 


Numbers.     Weight. 


Carriajxe  of  materials 

Stora<;e  and  iucitUutal  expenses 

Use  of  locomotive   in  distributing   materials  on 

the  line,  at,  say  $75  per  mile 

Labor  of  laying,  cubic  yards 


Cost  per  mile . 


704 
1,408 


1,936 
3,872 


1,760 


Tons.  Lbs. 

141        960 

4        192 

2,112 

129    1,440 
2    1,328 

274  1, 860 
274  1,860 


$19.37i   $2,740.18 


Rate.     Amount. 


28.75 
41.92 


23.75 
55.00 


1.25 
.25 


117. 
39.61 


079.  00 
142.  60 


343.  .53 
68.71 


75.00 
25     I      440. 00 


Total. 


$2,  897.  25 
3,  221.  60 

927.  24 


7,  046.  09 


Statement  of  cost  of  1  mile  of  single  traclc  on  wooden  ties. 


Steel  bull-beaded  rails,  90  pounds  per  yard. 

Fish-i)late8,  13  pounds  each 

Fish-bolts  aud  nuts,  Impounds  each 


Chairs,  40  pounds  each 
Keys 

Spikes,  22  ounces  each 
Creosoted  wood  ties  .. 


Carriage  of  materials 

Storage  aud  incidental  expenses 

Use  of  locomotive  in  distributing  materials  on  the 

line,  at,  say  $75  per  mile  

Labor  of  laying,  cubic  yards 


Cost  per  mile . 


704 

1,408 

3,  872 

3,872 

11,616 

1.936 


1,760 


960   $19.37^ 
192  I  28.75 
2,112  1  41.92 


320 
'292 


3.52 
352 


836 
836 


J3.12i- 
9.37^ 
33.61 
.62* 

1.25 


$2,  740. 18 
117.46 
39.61 

907.  50 

30,30 

239.  65 

1,210.00 


,25 


440.  46 
88.11 


75.00 
440.  00 


$2,  897.  25 


2,393.45 


1,  043.  57 


334.  27 


SUMMARY  OF  STATEMENTS  OF  COST. 


Cost  per  rail  length,  30  feet. 
Cost  per  yard 


Track  on  — 


Steel  ties. 


$40. 03 
4.00 


Wooden  ties. 


$35. 


59 


Difference. 


$4.05 
.41 
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London  and  JS^orthwestern  Railway. — l^xperimeDts  with  steel 
ties  have  been  made  on  this  road  during  over  nine  years  and  on  a  fairly 
large  scale.  Particnlars  of  the  experiments  have  been  published  from 
time  to  time,  and  the  trials  are  given  considerable  prominence  in  dis- 
cussions on  matters  relating  to  metal  track.  The  ties  are  of  a  form 
designed  by  Mr.  F.  W.  Webb,  the  mechanical  superintendent  of  the 
line;  they  are  of  the  familiar  inverted-trough  section,  with  small 
flanges  on  the  bottom  edges,  and  are  of  uniform  section  and  thickness; 
they  are  a  modilicatit)n  of  the  well-known  Vautherin  type.  (See  Plate 
:N'o.  2.)  They  were  first  laid  in  August,  1880;  in  1885  there  were  32,174 
in  service;  in  June,  I88G,  there  were  55,000  in  use  on  this  road  in  addi- 
tion to  trial  lengths  on o* her  English  lines;  in  1888  there  were  83,204  of 
these  ties  in  service,  and  the  road  had  between  20  and  30  miles  of  track 
laid  with  them;  in  November,  1889,  Mr.  Webb  stated  that  there  were 
then  5Q  miles  of  track  and  about  100,085  ties  in  use.  They  are  of  rolled 
steel,  five-sixteenths  of  an  inch  thick;  length,  9  feet;  width  on  top,  6 
inches;  width  at  bottom,  11  inches;  depth,  2^  inches;  weight,  136 
pounds  each.  The  rails  are  of  bull-headed  section  weighing  84  and  90 
pounds  per  yarcf,  the  latter  being  now  the  standard  rail.  The  chairs, 
instead  of  being  of  cast-iron,  are  made  of  three  pieces  of  steel,  rolled  and 
stamped  to  shape  from  plates  one-half  an  inch  thick  made  from  the 
crop  ends  of  rails;  one  piece  forms  a  tie-plate  15  by  6  inches,  five  six- 
teenths of  an  inch  thick,  with  the  middle  part  bent  to  fit  the  bottom 
of  the  rail  and  giv^e  the  inclination  of  1  in  20 ;  the  other  pieces  are  one- 
half  an  inch  thick  and  form  angle  brackets,  the  inner  one  fitting  the 
web  and  lower  head  of  the  rail,  and  the  outer  one  being  placed  so  as 
to  allow  of  a  wooden  or  steel  key  being  driven  between  it  and  the  web 
of  the  rail.  The  steel  key  has  a  projection  which  fits  into  a  vertical 
groove  in  the  chair,  so  that  it  cannot  work  loose.  A  liner  of  brown 
paper  or  canvas  soaked  in  tar  is  sometimes  interposed  between  the 
angle-pieces  and  the  tie-plate  and  between  the  tie-plate  and  tie.  The 
chairs  are  fastened  to  the  tie  b}^  six  three-quarter  inch  rivets,  three  on 
each  side  of  the  rail,  passing  through  the  angle  pieces,  tie-plate,  and 
tie;  the  rivet-holes  are  punched  in  a  hydraulic  press.  The  ties  and 
chairs  are  made  and  fitted  complete  at  the  railway  company's  works  at 
Crewe,  and  the  cost  is  said  to  compare  favorably  with  that  of  the  ordi- 
nary system  of  cast-iron  chairs  weighing  45  pounds  each,  spiked  and 
screwed  to  wooden  ties  10  by  5  inches.  This  may  be  so  in  this  case, 
where  everything  is  done  in  the  company's  shops,  and  where  the  ordi- 
nary track  is  of  an  expensive  character,  but  if  made  under  contract 
for  orders,  the  amount  of  shop- work  required  would  probably  make  the 
finished  tie  very  expensive. 

With  these  steel  ties  the  distance  from  the  bottom  of  the  tie  to  the 
topi  of  the  rail  is  S^  inches,  while  with  the  wooden  tie  it  is  12|-  inches. 
The  ties  are  covered  with  ballast,  which  is  brought  nearly  up  to  the  level 
of  the  top  of  the  rail  head  on  the  outside  of  the  track  and  between  the 
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rails  it  is  about  2  inches  below  the  top  of  the  rail  head.  It  has  been 
eaid  that  the  ballast  would  be  less  afl'ected  by  frost  at  a  dei)th  ot  5 
inches,  where  the  wooden  ties  rest,  than  at  2^  inches  where  the  steel 
ties  rest ;  but  this  is  probably  of  little  practical  account.  The  reduced 
depth  of  the  tie  of  course  effects  a  saving  in  the  quantity  of  ballast. 
The  ties  are  sjiaced  3  feet  apart  center  to  center. 

The  following  is  a  comparison  of  the  two  systems,  column  A  being 
for' track  on  steel  ties  and  column  B  for  track  on  wooden  ties: 


London  and  Northwestern  Railway. 


11 


Ties: 

Length feet 

Breadth inches 

Depth do.. 

Thickness do.. 

Chairs : 

Leugtli  of  bearing  on  tie ..inclics 

Width  of  bearing  on  tie do.. 

A  rea  of  bearing  on  tie square  Inches 

Weight  of  one  tie  complete; 

Two  chairs  pounds 

Fastenings,  liners,  etc. do 5   ""' 

One  tie  - 1 do ....    136 


10 


2i-    i        5 


Total do. 


184 


m 

n 
111 

90 

12 

140 

242 


The  ends  of  the  ties  are  open,  but  it  is  claimed  that  no  trouble  has 
been  experienced  from  lateral  motion  or  shifting  of  the  track  when  prop- 
erly ballasted,  although  some  have  been  in  use  in  the  South  Wales 
district  on  curves  of  660  feet  radius  on  a  grade  of  1  in  38. 

It  is  not  stated,  however,  whether  the  entire  curve  was  laid  with  these 
ties  or  whether  only  a  few  were  laid  for  trial.  In  the  latter  case  there 
might  have  been  sufficiint  wooden  ties  to  hold  the  track  in  place.  Con- 
sidering that  wooden  ties  are  found  to  shift  in  the  track  in  some  places, 
it  seems  only  reasonable  to  provide  at  least  as  much  end  bearing  or 
area  for  metal  ties  as  for  wooden  ties,  especially  on  lines  where  there 
are  many  curves.  Mr.  Bricka,  engineer  in  chief  of  the  French  state 
railways,  in  his  report  on  metal  track,  made  to  the  minister  of  public 
works  in  1886,  attributes  this  freedom  from  lateral  motion  to  the  rigid- 
ity of  the  heavy  rails,  to  the  slight  lateral  play  of  the  cars,  and  to  the 
use  of  locomotives  with  inside  cylinders  and  running  gear.  He  saw  the 
ties  in  use  on  tangents  and  flat  curves,  but  thought  they  would  shift  on 
sharp  curves.  In  view  of  extensive  experience  on  other  lines,  he  con- 
sidered that  the  ends  of  metal  ties  should  be  closed.  This  is  the  gen- 
erally acceptetl  conclusion. 

The  traffic  is  very  heavy  as  regards  the  number  and  speed  of  trains. 
The  heaviest  main-line  engine  weighs  95,200  pounds,  on  six  wheels,  and 
the  heaviest  load  on  any  one  pair  of  driving-wheels  is  33,600  pounds. 
Mr.  Bricka,  in  the  report  above  mentioned,  refers  to  this  heavy  traffic, 
and  states  that  on  one  section  there  were  twenty-four  express  trains 
per  day,  often  running  at  nearly  60  miles  an  hour,  besides  numerous 
freight-trains.  He  says  the  ties  were  first  made  of  wrought-iron,  but 
22893— Bull.  4 5 


66 

later  of  Bessemer  steel  non-depliospliorizecl.  Some  ties  of  harder 
Bessemer  steel,  made  by  tbe  acid  process,  cracked  tbrongli  the  rivet 
holes  and  some  of  the  steel-plate  chairs  also  cracked  through  the  holes. 
Some  cast-iron  chairs  had  also  been  tried.  There  were  in  service  at 
the  time  of  his  visit  30,000  ties,  of  which  18,000  were  in  the  main  track. 
He  gives  the  cost  of  a  steel  tie  as  $2.50  and  of  a  cieosoted  pine  tie 
$2.10,  including  chairs  and  spikes  complete.  The  steel  ties  are  dipped 
hot  in  tar  and  th^n  in  sand,  1o  increase  the  adhesion  in  the  balFast. 
Nevertheless  considerable  trouble  was  experienced  from  rusting,  which 
Mr.  Bricka  attributes  to  the  use  of  slag  and  cinders  for  ballast.  The 
sulphur,  being  kept  damp  by  the  climate,  produces  a  chemical  action 
similar  to  that  observed  in  tunnels-  In  Holland  and  Belgium,  however, 
no  trouble  has  been  experienced  from  rusting^  even  in  cinder  ballast. 

These  ties,  with  the  Euglish  rails  and  chairs  complete,  have  been 
tried  experimentally  in  this  country  on  the  Pennsylvania  Eailroad. 

Midland  Railway.— In  1885,  250  tons  of  steel  ties  were  rolled  by 
the  Cockerill  Works,  in  Belgium,  for  this  line.  (See  plate  No.  3.) 
These  ties  were  designed  by  Mr.  A..  Langley,  chief  engineer  of  the  road, 
who  has  stated  that  they  answer  very  well,  but  that  the  cost  as  com- 
pared with  that  of  wooden  ties  is  against  them.  In  July,  1889,  Mr. 
Langley  stated  that  about  10,000  steel  ties  were  then  in  the  track,  but 
that  their  use  was  not  being  extended.  They  have  proved  efficient 
in  service  and  the  maintenance  is  practically  the  same  as  with  the  cre- 
osoted  wood  ties.  The  steel  ties  are  of  inverted  trough  section,  with 
a  narrow  flange  on  the  bottom  edges,  and  have  the  ends  flared  out  and 
bent  down.  The  closed  ends  prevent  lateral  motion  and  also  prevent 
any  tendency  of  the  sides  to  spread.  The  ties  are  8  feet  long  over  all, 
8  inches  wide  on  top,  3  inches  deep,  13  inches  wide  over  all  at  the  bottom. 
They  are  of  uniform  thickness  and  section  thronghout,  the  thickness  being 
five- sixteenths  of  an  inch.  The  weight  is  about  132  pounds  each  and 
the  cost  $1.76  each.  The  joint  ties  are  si)aced  2  feet  2  Inches  apart, 
center  to  center,  and  the  intermediate  ties  3  feet  apart.  The  ties  are 
rolled  from  steel  which  is  specified  to  be  of  such  quality  and  temper 
that  it  will  not  crack  or  split  when  stamped  or  rolled  to  shape.  The 
holes  may  be  punched  or  drilled  according  to  the  engineer's  approval. 
The  ties  are  not  tarred  nor  painted,  but  are  given  one  coat  of  linseed 
oil,  laid  on  hot,  at  the  works. 

On  each  tie  there  are  two  cast-iron  chairs  weighing  40  pounds  each 
(pattern  of  1885),  each  chair  being  secured  to  the  tie  by  a  pair  of  patent 
steel  twin  bolts  of  | I  shape,  seven-eighths-inch  diameter,  with  four  lock- 
nuts.  The  bolt-holes  in  the  ties  are  fifteen-sixteenths  inch  diameter,  3J 
inches  from  center  to  center  crosowise,  and  11  inches  from  center  to 
center  lengthwise  of  the  tie,  the  inner  holes  being  four  feet  five-eighths 
of  an  inch  apart  center  to  center.  The  base  of  the  chairs  is  7J  by 
14  inches,  and  a  felt  pad  one-eighth  of  an  inch  thick  is  placed  be- 
tween the  chair  and  the  tie,    The  rails  a^e  of  bull  headed  section,  weigh- 
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ing  85  pounds  per  yard,  and  are  fastened  in  the  chairs  by  wooden  keys. 
The  wooden  ties  weigh  about  134  pounds  each.  The  weight  per  yard 
of  tlie  ordinary  track  is  estimated  as  follows:  Steel,  170  pounds; 
wrought-iron,  14.9  pounds;  cast-iron,  110  pounds;  wood,  151.9  pounds; 
total,  44G.8.  The  weight  of  the  heaviest  engine  is  about  78  tons  in 
working  order,  and  the  number  of  ordinary  trains  in  twenty -four  hours 
is  two  hundred  and  thirty,  exclusive  of  special  trains,  light  engines,  etc. 

At  the  International  Eailway  Congress,  held  at  Milan,  Italy,  in  1887, 
Mr.  Kowalski  stated  in  regard  to  this  road  that  there  were  10,000  ties 
of  the  form  designed  by  Mr.  Laugley,  being  a  modification  of  the 
Vautherin  type,  but  that  the  experience  with  them  only  dated  from 
January,  1886,  and,  therefore,  no  definite  opinions  could  be  given  as  to 
the  results. 

A  few  of  the  Tozer  steel  ties  have  been  laid  as  an  experiment.  (See 
Tozer  ties.) 

Gkeat  Northern  Railway. — Mr.  T.  H.  Horn,  assistant  engineer, 
stated  in  December,  1888,  that  the  experience  with  metal  ties  on  that 
line  was  so  limited  that  no  results  could  be  given  which  would  be  of 
service.  "  Short  lengths  of  several  types  had  been  laid  down  experi- 
mentally, but  altogether  there  was  not  then  a  mile  of  track  on  which 
metal  ties  had  been  introduced.  The  first  cost,  as  compared  with  that 
of  ordinary  fir  ties  with  chairs  and  fastenings,  tells  against  them.  The 
ties  of  the  Howard  type  for  main  lines  were  of  inverted  trough  section, 
with  a  deep  depression  at  each  end,  forming  a  seat  for  the  bull-headed 
rails,  which  were  secured  by  keys  in  the  usual  way.  (See  plate  N'o.  4.) 
These  ties  were  8  feet  long  and  weighed  140  pounds  each ;  they  were 
made  from  plates  of  Siemens  steel  three-eighths  of  an  inch  thick.  (See 
Howard  ties.)  The  track  of  this  road  is  laid  with  steel  rails  of  bull- 
headed  section,  weighing  82  pounds  per  yard. 

At  the  International  liaiiway  Congress  held  at  Milan,  Italy,  in  1837, 
the  following  particulars  in  regard  to  this  road  were  presented  by  Mr. 
Kowalski : 

About  1,000  ties  were  ia  service,  and  four  types  were  being  tried,  Webb,  Moss-Bay 
Company,  Howard,  and  Tozer.  All  were  of  steel.  The  Webb  ties  weighed  176  pounds 
each,  complete ;  the  Moss-Bay  and  Howard  ties  139.5  pounds,  and  the  Tozer  ties 
137.5  pounds,  exclusive  of  the  fastenings.  They  were  all  laid  on  embankments,  and 
"were  on  tangents.  The  traffic  consisted  of  passenger  and  freight  trains  running  at 
reduced  speed.  The  weight  of  the  engines  was  about  60  to  70  tons.  The  ballast  was 
mainly  of  gravel.  The  first  cost  of  the  track  appeared  to  be  three  times  as  great  as 
that  of  track  with  wooden  ties,  but  the  experience  was  too  short  for  any  judgment 
to  be  formed  as  to  the  cost  of  maintenance  and  the  durability.  The  elasticity  of  the 
track  and  the  easy  riding  of  the  trains  were  the  same  as  with  ordinary  ties.  The  in- 
conveniences were  in  the  difficulty  of  attaching  the  several  pieces  to  the  body  of  the 
tie,  and  in  case  of  derailment  the  ties  would  probably  be  damaged.  The  company 
bad  at  that  time  no  intention  of  extending  the  use  of  metal  ties  on  its  road. 
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The  following  report  X3n  the  Howard  tie  was  made  in  February,  1887, 
bj-  Mr.  Bastiu,  and  was  published  in  The  Indian  Engineer,  of  Calcutta, 
March  31,  188S : 

Ou  the  7th  instaDt  I  arrived  at  Holloway  Station,  on  the  Great  Northern  Hue,  to 
inspect  the  Howard  steel  sleepers  (ties),  whicli  I  superintended  the  laying  of  in  May 
of  last  year.  After  the  ballast  had  been  cleared  away  I  made  a  thorough  exauiiua- 
tiou  of  them,  and  am  pleased  to  report  that  they  are  in  as  good  condition  as  when 
they  were  laid  down.  The  ganger  over  this  portion  of  the  line  informed  me  that  the 
sleepers  had  not  required  any  attention  whatever  since  they  were  laid  down :  the  bal- 
last had  not  been  touched  nor  had  the  keys  had  a  hammer  upon  them.  They  werepur- 
posely  laid  upon  a  part  of  the  line  over  which  the  most  and  the  heaviest  of  the  traffic 
passes,  so  that  with  such  an  amount  of  traffic  and  the  long  and  severe  frost  they  had 
been  well  tested.  I  also  examined  some  other  steel  sleepers,  laid  side  by  side  of  the 
Howard  sleepers.  These  other  sleepers  are  trough-shaped,  with  cast-iron  chairs 
bolted  to  them,  the  ends  of  the  sleepers  being  turned  down.  These  sleepers  are  like 
the  Belgian  type  on  the  Midland  line  near  Bedford,  -and,  like  them,  they  had  shifted 
endways;  and  after  the  frost  went  they  had  to  be  reballasted.  I  have  been  to  see 
the  sleepers  on  the  Midland  line  again  to-day,  Belgian  type,  and  although  they  were 
reballasted  after  the  frost  they  have  again  shifted  so  that  the  line  is  not  perfectly 
true,  the  want  of  straightness  being  quite  obvious. 

Geeat  Western  Eailw ay.— About  1853  the  Macdonnell  system  of 
track,  with  metal  longitudinals,  was  introduced  on  the  Bristol  and  Exe- 
ter Kailway  (now  the  Bristol  and  Exeter  division  of  the  Great  Western 
Railway),  and  in  August,  1889,  the  resident  engineer  reported  that  the 
last  of  it  had  been  taken  up  only  about  twelve  months  previous.  This 
gives  some  idea  of  its  life,  and  it  must  be  borne  in  mind  that  it  was  iu 
use  under  very  heavy  traffic.  The  ordinary  track  of  this  line  was  built 
on  the  plan  designed  by  Mr.  Brunei  for  the  Great  Western  Eailway,  aud 
consisted  of  rails  of  bridge  section  secured  to  wooden  longitudinals, 
which  were  connected  at  intervals  by  wooden  transoms.  The  gauge 
was  7  feet.  The  Macdonnell  track  consisted  of  iron  longitudinals;  the 
plates  were  a  little  over  1  foot  wide,  about  one-half  an  inch  thick  under 
the  rail,  and  five- sixteenths  of  an  inch  thick  at  the  edges.  In  the  mid- 
dle, on  the  upper  side,  was  a  rib  about  2  inches  high,  fitting  into  the 
hollow  of  the  rail.  On  each  side  of  the  rib  was  a  wooden  packing  half 
an  inch  thick  and  about  2J  inches  wide,  upon  which  the  rail  flanges 
rested.  A  shallow  rib  on  each  side,  about  2J  inches  from  the  middle 
rib,  held  the  wooden  packing  in  position.  The  rails  were  fastened  by 
bolts  passing  through  the  plate,  packing,  and  rail  flange,  the  nuts  being 
screwed  down  on  the  flange.  In  some  cases  the  plates  were  flat  for 
their  entire  width;  in  other  cases  they  were  slightly  curved  down,  out- 
side the  outer  ribs,  to  a  depth  of  about  three  fourths  of  an  inch.  The  plates 
were  connected  at  intervals  by  transverse  T  irons.  The  rails  were  about 
3  inches  high,  2|  inches  wide,  and  6  inches  wide  over  the  flanges;  the 
middle  space  or  groove  was  about  2  inches  deep,  5  to  1  inch  wide.  This 
form  of  rail  is  still  in  use.  The  resident  engineer  stated  that  while  ho 
could  not  recommend  the  Macdonnell  system  for  main  track,  it  may  bo 
very  serviceable  for  light  railways  or  for  side  tracks ;  he  has  used  it 
^nd  is  still  using  it  for  the  latter  purpose.    The  main  objection  to  it  is 
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said  to  be  the  difficulty  in  kee|)iiig  the  rails  tight  itpou  it,  and  the  num- 
ber of  bolt-holes  weakens  the  plates  so  much  that  they  were  continually 
breaking",  especially  near  the  rail-Joints.  Another  ol)Jection  is,  that 
"  in  very  hot  weather  the  expansion  is  so  great  as  to  (list)lace  it  several 
feet  from  its  proper  position."  In  188G  this  track  was  reported  by  Mr. 
Walter  Browne  to  be  in  good  condition. 

The  Tozer  ties  have  been  tried,  but  Mr.  Lancaster  Owen,  chief  en- 
gineer, stated  iu  September,  1889,  that  only  a  few  ties  of  this  type  have 
been  put  down,  and  only  as  an  experiment. 

London  and  Southwestern  Eailway.— Mr.  Andrews,  the  chief 
engineer  of  the  road,  writing  in  August,  188D,  stated — 

The  experieuce  with  metal  ties  ou  this  line  is  very  limited.  About  four  years  ago 
a  few  were  laid  down  and  are  still  in  service.  They  were  pressed  out  of  mild  steel 
plates  about  five-eighths  of  an  inch  thick,  and  were  of  inverted  channel  form,  with 
cast-iron  chairs  secured  to  them  by  wrought-iron  bolts.  When  they  were  laid  con- 
siderable time  and  trouble  was  expended  in  thoroughly  lilling  them  and  packing  them 
with  gravel  ballast;  but  now  that  the  track  has  become  consolidated,  they  do  not 
lecjuire  much  more  attention  than  timber  ties.  The  chairs,  however,  break  more  fre- 
quently than  on  wooden  ties,  and  the  bolts  require  frequent  attention. 

The  wooden  ties  used  are  of  redwood  fir,  obtained  from  the  Baltic,  and  in  view  of 
the  number  available,  the  facilities  for  obtaining  them,  and  the  price  paid,  it  is  not 
considered  that  the  company  can  do  better  than  continue  to  use  them.  The  com- 
pany creosotes  its  ties,  and  the  value  of  a  creosoted  tie  is  about  78  cents,  delivered. 
Jarrah  and  other  hard-wood  ties  from  Australia  have  been  offered  at  different  times, 
but  their  high  cost,  delivered  in  England,  prohibits  their  adoption,  even  though,  as 
is  urged,  they  would  last  much  longer  than  the  Baltic  fir  ties. 

The  track  of  this  road  consists  of  double-headed  steel  rails,  30  feet  long,  weighing 
82  pounds  per  yard;  they  are  5i  inches  high,  with  heads  2|  inches  wide.  They  are 
secured  by  wooden  keys  in  cast-iron  chairs,  weighing  40  pounds  each,  which  are  fast- 
ened to  the  wooden  ties  by  three  round  spikes  driven  into  hollow  tree-nails;  the 
chairs  have  a  base  of  O^J^by  14  inches.  The  rail  joints  are  even  and  suspended,  and 
are  spliced  by  deep  fish-plates,  with  four  bolts.  The  wooden  ties  are  9  feet  long,  5  by 
10  inches  section  ;  they  are  spaced  2  feet  2  inches  apart,  center  to  center,  at  the 
joints,  2  feet  5  inches  next  to  the  joints,  and  2  feet  10^  inches  intermediate.  In  1890, 
rails  weighing  87  pounds  per  yard  and  chairs  weighing  45  pounds  each  are  to  be 
used. 

London,  Chatham  and  Dover  Railway. — Mr.  William  Mills, 
chief  engineer,  stated  in  August,  1889  : 

No  metal  ties  are  nsed,  for  the  reason  that  the  creosoted  ties  are  found  to  last,  in  a 
general  way,  as  long  as  the  rails,  and  it  is  to  the  company's  interest  to  renew  both 
rails  and  ties  at  the  same  time.  The  line  passes  through  a  brick-making  locality, 
and  has  the  advantage  of  being  able  to  sell  the  bulk  of  its  old  ties  at  about  half  their 
original  cost. 

Probably  very  few  railways  are  able  to  dispose  of  their  old  wooden 
ties  to  such  advantage,  and  in  many  cases  in  this  country  it  is  not  easy 
to  get  rid  of  them  except  by  burning.  As  regards  renewals,  it  would 
seem  to  be  still  more  to  the  company^s  interest  to  have  ties  which 
would  not  have  to  be  renewed  as  often  as  the  rails,  especially  as  the 
present  system  of  track  is  already  an  expensiv^e  system  to  build,  so 
that  the  increased  cost  for  metal  track  would  be  comparatively  small. 
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London,  Brighton  and  South  Coast  Railway.— Mr.  F.  D.  Ban- 
ister, chief  engineer,  stated  in  August,  1889; 

The  only  experience  with  metal  ties  on  this  line  has  been  a,  small  trial,  which  was 
unsatisfactory;  and  the  result  was  not  sutficient  to  warrant  any  departure  from  the 
general  system  of  using  Baltic  fir  ties,  creosoted  by  Brystie's  process. 

Metropolitan  Railway.— This  is  one  of  the  city  (underground) 
and  suburban  railways  of  London,  the  traffic  on  some  sections  of  which 
is  very  heavy  and  is  carried  on  under  exceptional  conditions.  Mr.  J. 
J.  Hanbury,  resident  engineer,  states : 

a  trial  has  been  made  with  twelve  steel  ties  of  the  Tozer  type;  they  were  in  service 
about  two  years,  at  the  end  of  which  time  it  was  found  that  the  chairs  began  to  work 
a  little,  owing  to  the  wear  of  the  stud  which  fits  into  a  hole  in  the  tie.  (See  plate 
No.  4.)  These  ties  were  considered  to  be  unsuitable  for  this  road.  Some  steel  trough 
ties,  similar  to  those  of  the  Midland  Railway,  but  weighing  145  pounds  each,  have 
been  tried ;  they  were  made  by  the  Tredegar  Iron  and  Coal  Company.  The  rails 
used  are  of  double-headed  section,  carried  in  cast-iron  chairs  bolted  to  the  ties. 

Metropolitan  District  Railway.— This  is  another  of  the  city  (un- 
derground) and  suburban  railways  of  London.  Mr.  George  Estall,  engi- 
neer and  locomotive  superintendent,  stated  in  October,  1889 : 

Steel  ties  of  the  Tozer  type  have  been  tried  on  this  road  for  a  length  of  about  30 
feet;  they  are  laid  in  a  locomotive  yard,  on  the  level,  and  are  spaced  2 feet  8  inches 
to  3  feet  apart,  center  to  center.  They  were  not  painted  or  otherwise  treated.  The 
ballast  is  of  gravel.  They  were  laid  for  trial  only,  and  the  results  have  not  been 
sufficiently  satisfactory  to  lead  to  their  adoption ;  as  regards  maintenance,  rail  at- 
tachments, and  general  efficiency,  they  are  said  to  be  inferior  to  timber;  they  are 
also  too  rigid,  and  are  bad  for  packing.  Mr.  Estall  is  not  in  favor  of  their  use.  No 
breakages  have  occurred.  The  wooden  ties  used  are  of  Memel  fir,  creosoted ;  they 
cost  |1.50  each,  and  last  fifteen  years.  The  rails  are  of  bull-headed  section,  weigliing 
87  pounds  per  yard,  laid  with  suspended  joints,  and  supported  in  cast-iron  chairs  in 
the  usual  way. 

Mersey  Railway. — This  is  a  tunnel  line,  connecting  Liverpool  and 
Birkenhead.  Mr.  O.  A.  Rowlandson,  resident  engineer,  stated  in  July, 
1889,  that  about  a  dozen  steel  ties  of  the  Tozer  type  had  been  tried, 
but  only  on  a  side-track.  They  have,  however,  stood  very  well  as  re- 
gards freedom  from  corrosion  by  the  ash  ballast  and  in  keeping  their 
level  or  surface. 

Great  Eastern  Railway. — Some  steel  ties  have  been  in  use  on 
this  road  for  several  years.  They  are  of  the  inverted  trough  section, 
with  closed  ends,  and  the  rails  are  carried  in  cast-iron  chairs  of  the 
usual  form  fastened  to  the  tie  by  a  pair  of  twin  bolts.  They  are  8  feet 
long,  and  were  manufactured  by  the  Darlington  Steel  and  Iron  Com- 
pany. At  the  International  Railway  Congress  held  at  Milan  in  1887, 
Mr.  Kowalski  stated  that  a  trial  was  being  made  with  500  ties,  and 
that  4,000  were  to  be  laid.  The  experience  with  them  was  then  too 
short  to  enable  any  opinions  to  be  given. 

FuRNESS  RAiLWAY.^In  August,  1889,  Mr.  F.  Stileman,  chief  engi- 
neer, stated : 
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A  few  years  ago  a  trial  was  rrwde  with  some  steel  ties  of  the  Howard  type  (see 
plate  No,  4);  they  were  of  inverted  trough  form,  aud  of  arched  section  ;  a  deep  de- 
pvession  at  each  end  formed  a  seat  for  the  rails,  whicVi  were  secured  hy  keys  in  the 
usual  way.  It  was  found,  however,  that  with  keying  the  rail  up  the  ends  of  the  tie 
were  sprung,  and  in  the  course  of  four  or  five  months,  with  the  traffic  passing  over, 
the  ties  split  so  that  they  had  to  betaken  out.  They  were  of  steel  and  were  shaped 
cold,  the  recesses  for  the  rails  being  stamped  by  hydraulic  machinery.  (See  Howard 
ties.) 

The  company  now  uses  none  but  woodcm  ties,  0  feet  long,  10  by  5  inches  section, 
sawn  out  of  timbers  1)  feet  by  10  inches  by  10  inches.  After  being  dried  they  were 
creosoted,  which  cost  about  16  cents  per  tie.  Their  life  will  average  from  twelve  to 
fourteen  years.  The  chairs  have  a  base  of  about  15  by  7^  inches  and  weigh  nearly 
50  pounds  each.  The  rails  are  of  bull-headed  section,  weighing  84  pounds  per  yard; 
they  are  fastened  in  the  chair  by  oak  keys,  scalloped  out  in  the  middle,  with  a  saw- 
cut  at  one  end,  which  enables  the  end  to  close  when  being  driven  and  to  open  out 
when  in  place. 

North  Staffordshire  Eailway. — A  steel  tie  has  been  tried  at 
Stoke  upou-Trent,  ou  this  road,  and  in  January,  1890,  after  two  years' 
experience,  a  hirge  order  was  given  to  the  Chair  aud  Sleeper  Company 
for  these  ties,  which  are  described  further  on.  The  ties  were  of  Vsec- 
tiou,  with  ordinary  cast-iron  chairs  secured  to  the  flanges. 

TIES. 

TJie  Livesey  Ties. —A  number  of  different  forms  of  metal  tracks  have  been  designed 
by  Mr.  James  Livesey,  of  London,  and  have  been  extensively  used,  especially  in 
South  America,  by  Mr.  Livesey  and  other  engineers.  (See  India  and  South  Ameiica ; 
and  Plates  Nos.  20  and  26.)  The  types  most  used  are  those  consisting  of  bowls  and 
tie-bars.     Among  the  principal  forms  are  the  following : 

(1)  Cast-iron  bowls,  arranged  in  pairs  and  connected  by  transverse  fiat  wrought- 
iron  tie  bars.  The  bowls  are  oval  in  plan,  and  the  upper  part  forming  the  chair  can 
be  adapted  for  double-headed  or  flange  rails.  Two  fixed  clips  hold  the  outer  side  of 
the  rail,  and  on  the  inner  side  is  a  flexible  jaw  let  into  a  socket  and  having  a  key 
driven  between  it  and  the  rail. 

(2)  Wrought-iron  bowls,  also  arranged  in  pairs  and  connected  by  tie-bars.  They  are 
practically  rectangular  ou  the  bottom  and  oval  on  top,  shaped  like  a  dish-cover. 

They  are  adapted  for  flange  rails.     The  fastening  consists  of  a  steel  strip,  of  1 

shape ;  the  longitudinal  leg  is  within  the  bowl  and  is  secured  by  a  holt,  the  washer  of 
which  holds  the  outer  flange  of  the  rail ;  a  metal  key  is  driven  between  the  rail  and 
the  upright  leg,  which  is  inclined  inward. 

(3)  Wrought-iron  cross-ties.  These  are  of  inverted  trough  section,  being  a  modifi- 
cation of  the  Vautherin  type;  some  of  these  have  horizontal  flanges  on  the  lower 
edges.  The  ends  are  closed  and  rounded  off,  aud  project  deeper  into  the  ballast  than 
the  body  of  the  tie.  The  fastenings  consist  of  two  riveted  clips,  one  bearing  on  the 
outer  flange  of  the  rail  and  the  other  projecting  over  the  inner  flange,  with  a  key 
driven  between  the  clip  aud  the  flange.  A  fastening  similar  to  that  of  No.  2  may 
also  be  used. 

(4)  Steel  cross-ties.  For  meter  gauge  lines  these  ties  are  5  feet  6  inches  long  over 
all,  10  inches  wide  at  the  bottom ;  5J  inches  wide  on  top,  with  rounded  corners  and 
curved  sides.  The  ends  are  curved  down.  Thickness,  seven-thirty- seconds  of  an  inch 
throughout.  Each  rail  rests  on  a  tie-plate  9^  by  5  inches  in  size,  seven-sixteenths  of 
an  inch  thick,  whicli  is  fastened  to  the  tie  by  two  rivets  three-fourths  of  an  inch  in 
diameter.  There  are  two  jaws  about  3  inches  long,  pressed  up  out  of  this  plate  ;  the 
outer  one  holds  the  outer  rail-flange,  and  a  corrugated  key  6^  inches  long  is  driven 
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between  the  inuer  jaw  and  rail  flange.  The  tie  is  bent  at  the  rail  seats  to  give  the 
rails  an  in  ward  inclination.  These  ties  are  similar  lo  the  steel  ties  on  the  Indian 
State  railways. 

The  Tozer  ties.— Messrs.  J.  and  H.  Tozer  of  London,  manufacture  steel  ties  which 
are  fitted  with  chairs  for  double-headed  or  flange  rails.  They  are  of  inverted  trough 
form,  rounded  in  section,  and  deeper  than  is  usual.  (See  plate  No.  4.)  For  standard 
gauge  lines  the  ties  are  8  feet  long,  9  inches  wide  on  the  bottom,  and  4^  inches  deep. 
The  sides  are  about  one-fourth  of  an  iucb  thick  and  the  top  three-eighths  of  an 
inch  thick.  The  ends  are  bent  down  and  flared  out  at  the  corners;  the  tie  is  bent 
from  the  middle  to  give  the  rails  the  inward  cant  of  1  in  30.  For  flange  rails  a  flat 
chair  is  used  9f  by  4  inches,  having  two  jaws,  one  of  which  grips  the  rail  flange, 
while  a  key  is  driven  between  the  other  jaw  and  the  flange  ;  the  thickness  is  three- 
fourths  of  an  inch  under  the  rail.  On  the  bottom  of  the  chair  is  a  pin  or  stud,  which 
engages  with  a  hole  in  the  tie  and  prevents  spreading  of  the  track;  in  setting  the 
chair,  it  is  placed  on  the  tie  at  right  angles  to  its  normal  position,  with  the  stud  in 
the  hole  ;  it  is  then  turned  round  into  position,  the  ends  of  the  chair  passing  under 
jaws  or  lugs  pressed  up  out  of  the  metal  of  the  tie  ;  the  chair  has  stops  at  diagonally 
opposite  corners,  to  prevent  it  from  being  turned  beyond  its  proper  position.  The 
rails  are  then  laid  and  the  keys  driven,  after  which  the  chair  cannot  shift  in  either 
direction.  The  chairs  and  ties  are  made  to  give  an  exact  gauge  of  4  feet  8^  inches, 
but  in  order  to  allow  for  widening  the  gauge  at  curves  the  chairs  are  so  arranged 
that  by  reversing  one  and  inserting  it  in  the  opposite  direction  under  the  lugs  the 
gauge  will  be  widened  half  an  inch,  while  by  reversing  both  of  them  the  gauge 
will  be  widened  1  inch.  To  give  this  adjustment  the  keys  must  be  always  on  the  out- 
side of  the  rails.  If  keying  on  the  inside  is  practicable,  the  gauge  may  be  also  in- 
creased by  reversing  one  or  both  of  the  chairs  and  keying  one  or  both  of  the  rails  on 
the  inside.  The  several  increments  of  widening  of  the  gauge  are  thus  as  follows  :  ^, 
I,  and  1  inch ;  Ij,  1^,  If,  1|,  and  2\  inches.  The  weights  are  as  follows:  steel  tie,  93 
pounds;  two  cast-iron  chairs,  18  pounds;  two  steel  keys,  1^  pounds;  total  weights 
112|  pounds.  A  steel  chair  is  also  used,  riveted  to  a  steel  tie  five-sixteenths  of  an 
inch  thick.  The  ties  are  of  Bessemer  steel  and  are  dipped  in  a  preservativ'e  solution. 
Their  cost,  as  quoted  in  March,  1888,  was  about  |-26.25  per  ton,  free  on  board.  For 
double-headed  rails  the  only  difierence  is  in  the  form  of  the  chairs,  which  are  of 
the  usual  shape,  witb  high  sides  to  hold  the  rail  and  the  wooden  or  metal  key;  but 
with  the  addition  of  the  round  stud  on  the  bottom  and  the  stops  to  keep  the  chair  in 
place.  Small  trial  lots  have  been  used  on  several  English  railways,  a  few  have  been 
sent  to  China,  and  365,000  (20,000  tons)  to  the  Argentine  Republic.  The  advantages 
claimed  are  the  broad  surface  of  the  chairs  to  distribute  the  load  over  the  tie,  the  re- 
duction in  the  number  of  loose  parts,  and  the  adaptation  to  present  tracks  with 
double-headed  or  bull-headed  rails.  The  lugs  which  hold  the  chairs  in  place  have  a 
good  holding-down  power,  but  are  claimed  to  be  elastic  ;  so  that  while  giving  a  firm 
grip  in  the  chair  they  render  it  less  liable  to  fracture  than  by  being  held  too  rigidly. 

Tlie  Kerr  and  Stuart  ties. — Messrs.  Kerr  and  Stuart,  of  London,  manufacture  a  vari- 
ety of  steel  ties  of  diftereut  forms  for  permanent  and  light  railways,  portable  rail- 
ways, and  street  railways.  Their  special  patent  type  is  a  steel  cross-tie  of  inverted 
section,  bent  up  at  the  ends  to  give  the  rails  an  inward  inclination  of  1  in  20.  The 
ends  are  closed.  These  ties  are  for  flange  rails.  The  outer  flange  is  held  by  a  riveted 
jaw  or  brace,  which  projects  upward  and  bears  against  the  under  side  of  the  railhead. 
The  inner  flange  is  held  by  a  bolted  clip,  the  lower  part  of  which  fits  into  a  T-shaped 
slot  in  the  tie;  a  steel  cotter  locks  the  bolt  and  clip  in  position.  (See  plate  No,  4.) 
The  ties  are  all  of  mild  steel,  made  by  the  Bessemer  or  basic  process,  rolled  in  lengths, 
sheared  ofi",  and  stamped  while  hot.  The  clips  are  of  steel,  stamped  by  hydraulic 
pressure.  This  system  of  tie  and  fiistening  is  also  applied  to  girder  rails  for  street 
railways.  Following  are  the  particulars  of  some  of  these  ties:  For  2  feet  gauge,  4 
feet  long,  costing  96  cents  each ;  for  meter  gauge,  5  feet  4  iucbes  long,  costing  $1.20; 
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for  standard  gange,  6  feet  8  iuchoa  long,  costing  $1.56 ;  for  the  Indian  gauge  of  5  feet 
c  inches,  7  feefcfi  inches  hmg,  costing  Igl.HG.  This  tie  is  considered  by  the  manufact- 
urers to  be  especially  adapted  to  very  narrow  gauges,  such  as  24  inches,  on  account 
of  the  drm  support  of  the  rail  by  the  outer  brace  ;  it  is  used  for  a  line  of  this  gauge 
in  Venezuela.  Other  forms  of  trough  ties  are  made  with  different  systems  of  fasten- 
ings.  One  fastening  consists  of  a  clip  holding  the  outer  flange  of  the  rail,  and  a  gib 
and  cotter  on  the  iuuer  side.  Another  fastening  (Walker  &  Bear's  patent)  consists 
of  two  loose  clips;  a  small  clip  or  gib  holds  the  inner  flange  of  the  rail,  and  a  larger 
clip  on  the  outer  side  has  a  wooden  key  driven  between  it  and  the  rail.  Steel  cross- 
ties  of  the  pattern  of  the  Indian  State  Railways  are  also  manufactured,  and  have 
been  supplied  to  the  Morvi  Railway  in  India.  These  are  of  rounded  trough  section, 
with  the  rail  seats  inclined  I  in  20  and  the  ends  closed  and  curved  down.  At  each 
rail  seat  are  jaws  to  hold  the  rail,  which  is  fastened  by  a  steel  key. 

The  tuis  are  rolled  with  the  metal  of  the  top  thicker  than  the  sides  and  they  are 
afterwards  pressed  to  shape  by  hydraulic  pressure,  and  the  clips  punched  out  and 
bent.     The  following  are  the  particulars  of  some  ties  of  this  type: 


Gauge. 

Weight. 

Length. 

Price, 

complete 

with 

keys. 

Suitable  for 
rails  weigh- 
ing per 
yard— 

Ft.   In. 

2  6 

3  3f 

4  8i 

5  6 

Pounds. 
35 
65 
80 
95 

Ft.    In. 

4  6 

5  4 

6  9 

7  6 

Dollars. 
0.69 
1.02 
1.32 
1.56 

Pounds. 
25  to  30 
40  to  60 
60  to  80 
60  to  80 

The  Howard  ties. — The  steel  ties  manufactured  by  J.  and  F.  Howard,  of  Bedford, 
for  main  lines,  are  of  approximately  semi -circular  cross-section,  of  different  dimen- 
sions and  section  at  different  parts  of  their  length.  (See  Plate  No.  4.)  Each  tie  is 
made  from  a  steel  plate  pressed  to  shape  by  hydraulic  power.  The  rail  seat  for 
double-headed  rails  is  a  depression  iu  the  tie  deep  enough  to  admit  the  web  and 
lower  head  of  the  rail,  which  is  secured  by  a  wooden  key  driven  between  the  web 
and  the  side  of  the  depression  in  the  tie.  No  bolts  or  rivets  are  used.  These  ties  were 
patented  in  the  United  States  December  22,  1885  (No.  333,015).  In  July,  1889,  the 
lirm  reported  that  the  manufacture  of  ties  for  main  lines  had  not  been  commenced  on 
a  large  scale,  but  that  trial  lots  had  been  supplied  to  a  few  lines  (see  Great  Northern 
Railway  and  Furness  Railway).  In  March,  1888,  special  plant  for  making  ties  was 
patented  in  England.  The  plate  of  each  tie  is  rolled  so  that  the  portions  where  the 
rail  recesses  are  to  be  formed  are  left  thicker,  the  trough  formed  on  the  under  side 
by  the  corrugation  being  filled  up  or  partially  so,  or  the  raised  portion  may  be  left 
solid  throughout  the  length  of  the  tie.  The  rail  recesses  are  partially  formed  by  the 
rolls  which  produce  the  plates,  and  for  this  purpose  depressions  are  formed  upon  the 
periphery  of  one  roll  and  corresponding  indentations  upon  the  periphery  of  the  other 
roll ;  so  that  the  plates  iu  being  rolled  are  indented  at  the  parts  where  the  recesses 
are  to  be  formed.  The  plates  are  then  passed  through  rolls  with  similar  projections 
and  indentations,  which  give  the  plates  their  finished  form.  The  plates  are  passed 
between  these  rolls  as  they  leave  the  plate  rolls  and  while  still  hot,  and  are  subse- 
quently shaped  by  suitable  presses.  The  rail  recesses  are  finished  to  the  proper  shape 
by  cutting  appliances,  consisting  in  the  use  of  an  endless  or  revolving  table  composed 
of  a  number  of  links  or  small  platforms  carried  upon  wheels.  The  plates  are  placed 
upon  these  platforms,  and  as  the  table  moves  forward  they  are  caused  to  pass  under 
a  number  of  cutters,  arranged  one  before  the  other,  by  the  action  of  which  the  sur- 
plus metal  is  removed.  Several  ties  may  be  operated  upon  at  the  same  time  on  one 
table,  and  after  passing  under  the  cutters  they  are  delivered  from  the  table  with  rail 
recesses  or  seats  in  a  finished  state. 
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The  firm  makes  a  specialty  of  metal  ties  for  light  and  portable  railways,  and  has 
supplied  them  for  light  railways  for  agricultural,  mining,  and  construction  worii  iu 
many  countries  with  snccesfnl  results.  These  tie  *  are  of  steel  plates,  with  one  or 
two  vertical  corrugatious  lengthAvise  of  the  tie,  and  baring  the  sides  bent  down  ;  the 
ends  are  open.  The  corrugations  are  cut  away  at  the  rail  seats  to  let  the  flange  of 
the  rails  rest  on  the  flat  part  of  the  plate,  and  a  serrated  metal  key  is  driven  between 
the  rail  and  the  side  of  the  recess  thus  formed.  There  are  no  bolts,  clips,  or  rivets. 
Ties  with  two  ribs  or  corrugatious  are  used  at  rail  joints.  For  portable  railways, 
with  rails  weighing  up  to  14  pounds  per  yard,  the  ordinary  ties  are  5  inches  wide  and 
the  joint  ties  6f  inches  wide:  for  semi-portable  railways,  with  rails  weighing  up  to 
30  pounds  per  yard,  the  ties  are  5^.  5f.  and  6f  inches  wide:  for  light  railways,  using 
locomotives,  with  rails  weighing  up  to  40  pounds  per  yard,  the  ties  are  9^  inches  wide 
at  the  bottom  and  about  3  inches  deep.  Ties  of  this  latter  form  have  been  used  on  the 
Donna  Christina  Railway  in  Brazil.  Ties  for  main  lines  laid  with  flange  rails  are  of 
somewhat  similar  form,  but  with  closed  ends;  to  make  a  seat  for  the  rail,  the  metal 
of  the  corrugation  is  pressed  down  level  with  the  surface  of  the  tie,  thus  thickening 
the  metal  at  the  seat ;  a  steel  key  is  driven  between  the  rail  and  the  side  of  the  corru- 
gation, and  in  pressing  down  the  metal  it  is  made  to  project  over  the  seat  so  as  to 
form  a  clip  to  hold  the  rail  flange.  This  type  of  tie  was  patented  in  the  United 
States  February  2,  18S6  (Xo.  335.523).  Another  form  of  tie  consists  of  two  pressed 
steel  bowls  connected  by  a  wrought-iron  tie-bar;  each  bowl  is  made  of  a  steel  plate 
flanged  down  to  (he  form  of  an  oblong  box;  it  is  flat  on  top  with  outward  flaring 
sides,  and  rounded  ends  corrugated  vertically.  The  tie-bar  passes  through  the  bowl, 
and  is  held  by  a  fl.at  curved  cotter  lying  in  a  depression  in  the  top  of  the  bowl.  There 
are  two  transverse  corrugations,  which  are  pressed  down  at  the  middle  to  leave  room 
for  the  rail  flange,  and  the  rail  is  secured  by  two  serrated  steel  keys.  The  weight  is 
said  to  be  only  about  half  that  of  the  ordinary  cast-iron  bowls. 

The  Wood  steel  ties. — The  steel  tie  designed  by  Mr.  Charles  ^Yood,  of  Middlesbor- 
ough,  is  said  to  have  been  the  first  steel  tie  nsed  with  flange  rails  on  English  rail- 
ways, and  to  be  still  iu  use  iu  England  and  the  British  colonies.  It  is  of  modified 
Vautherin  type,  of  inverted  trough  s'^ction,  and  having  horizontal  flanges  on  the 
lower  edges.  (See  Plate  Xo,  4.)  Each  rail  fastening  consists  of  a  half  hoop  or  cres- 
cent of  steel,  the  lower  part  being  inside  the  tie,  and  the  ends  projecting  npwards 
through  holes  in  the  top,  having  stops  or  lags  to  prevent  them  from  rising  too  high 
and  to  bring  them  into  proper  position.  The  outer  end  of  the  crescent  is  bent  over 
to  bear  on  the  outer  flange  of  the  rail,  while  the  inner  edge  projects  higher  and  has  a 
wooden  key  driven  between  it  and  the  rail,  the  key  bearing  against  the  web  and 
flange  of  the  rail.  Some  of  these  ties  were  tried  on  the  Xortheastern  Eailway  in 
England:  and  they  have  also  been  used  iu  South  America.  For  ^ight  and  portable 
railways  steel  ties  with  difterent  forms  of  clips  and  bolt  fastenings  are  used. 

The  JJliite  tie. — This  is  a  patent  pressed-steel  tie,  designed  by  Mr.  Henry  White,  of 
Xewport,  and  manufactured  by  Ibbotson  Bros.,  of  Shefiield.  At  a  meeting  of  the 
British  Association  iu  1SS7,  Mr.  White  read  a  paper  on  -"An  improved  steel  rail- 
way tie  with  chairs  pressed  out  of  the  solid,'' the  following  notice  of  which  is  taken 
from  Engineering.  London,  England,  September  23,  1SS7 : 

•'This  was  a  trough  section  tie,  to  suit  any  ordinary  type  of  rail,  and  the  chairs 
being  stamped  on  it  there  were  no  bolts  or  rivets  required.  Hydraulic  presses  with 
suitable  dies  are  used.  The  steel  trough  is  first  cut  to  the  required  length,  heated, 
and  inserted  between  the  open  dies  of  a  press,  or,  if  both  chairs  are  made  at  once,  of 
a  pair  of  presses.  These  roughly  form  two  corrugations  at  each  end,  corresponding 
with  the  jaws  of  the  chairs.  The  metal  for  this  is  gathered  up  endwise,  thus  shorten- 
ing the  original  length  of  the  piece  of  steel  operated  on.  Another  heat  being  taken, 
the  partly-made  tie  is  placed  between  the  dies  of  the  finishing  press  and  the  jaws 
are  given  their  final  form.  The  lower  dies  in  this  case  have  two  hinged  pieces 
which  project  upwards,  and  when  the  upper  dies  descend  they  close  inwards,  causing 
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one  of  each  pair  of  jaws  to  assume  the  undercut  form  necessary  to  fit  the  rail  and 
hold  it  firmly  iu  its  place.  A  loose  piece,  resembling  the  lower  part  of  the  rail,  is 
inserted  between  the  jointed  pieces,  to  form  a  resistance  block  for  them  to  close 
aj^ainst.  It  was  claimed  that  ties  so  formed  give  a  larger  base  to  the  rail,  hold  it 
more  firmly,  and  are  stitler  than  any  others  hitherto  used." 

The  Sampan  tie. — The  Sampan  combined  railway  tie  and  chair  is  a  comparatively 
rec(Mit  invention,  and,  I  believe,  has  not  yet  been  tried.  It  is  intended  to  be  made  of 
cast-steel,  the  recent  improvements  in  steel  manufacture  enabling  a  reliable  quality 
of  material  and  work  to  be  obtained  at  reasonable  cost.  The  tie  is  of  shallow  in- 
verted trough  section,  with  outward  flaring  sides  and  closed  ends;  a  middle  rib  runs 
along  the  whole  length  of  the  under  side  of  the  tie,  and  this  lib  is  deeper  than  the 
sides;  there  are  also  four  transverse  ribs,  one  under  each  rib  and  two  intermediate. 
(See  plate  No.  4.)  The  thickness  is  increased  at  the  rail  seat.  The  chairs  for  bull- 
headed  or  double-headed  rails  are  cast  with  the  tie  and  form  a  part  of  it,  the  rails  be- 
ing secured  by  wooden  or  metal  keys  iu  the  usual  way.  The  joint  ties  are  of  extra 
width  at  the  ends,  and  the  rails  are  secured  in  the  joint  chairs  by  two  cast  steel  keys, 
which  are  drawn  and  held  together  by  a  bolt  passing  through  thera  parallel  with  the 
rail.  This  is  claimed  to  make  an  efficient  joint,  dispensing  with  splice-bars  and  bolts. 
If  desired,  the  ends  with  the  chairs  can  be  cast  separately  and  connected  by  a  tie-bar ; 
this  arrangement  is  said  to  be  adapted  for  railways  in  South  America  and  other 
countries  where  the  traffic  is  not  too  severe.  These  ties  have  been  patented  by  the 
Railway  Sleeper  and  Tie  Company,  of  Manchester. 

The  Bankart  tie.— This  is  a  cross  tie,  the  invention  of  Mr.  Hubert  Bankart,  consist- 
ing of  an  I  beam  laid  on  its  side  (  h)  with  a  part  of  the  upper  flanges  cut  away  to 
allow  the  rail  to  rest  on  the  horizontal  web  ;  the  inner  flange  of  the  rail  is  overlapped 
by  the  flanges  of  the  tie,  which  are  undercut,  and  on  the  outer  side  of  the  rail  is  an 
angle  wedge  or  key,  bearing  on  the  rail  flange  and  web,  and  having  a  rib  at  the  back 
which  fits  into  a  groove  in  the  flanges  of  the  tie  and  prevents  vertical  motion.  (See 
plate  No.  4.)  No  bolts  or  nuts  are  required,  this  fastening  being  used  at  the  rail 
joints.  The  key  may  be  placed  on  the  inside  or  outside  of  the  track,  but  the  flanges 
must  be  cut  according  to  which  arrangement  is  adopted.  These  ties  are  said  to  have 
been  tried  in  Brazil,  but  I  have  not  been  able  to  obtain  any  definite  information  re- 
specting them. 

The  Bagnall  ties. — The  firm  of  W.  G.  Bagnall,  of  Stafford,  manufactures  difi'erent 
forms  of  metal  ties,  principally  for  light  and  portable  railways,  and  the  ties  have  been 
used  to  some  extent.  The  type  used  is  a  pressed  steel  cross-tie,  narrower  and  deeper 
at  the  middle  than  at  the  ends,  and  having  grooves  and  ribs  running  lengthwise  on 
the  surface.  For  permanent  roads  a  tie  is  used  having  a  groove  running  from  each 
end  nearly  to  the  middle ;  corrugated  steel  clips  are  riveted  on  and  a  steel  ke^'  is 
driven  between  the  rail  flange  and  one  of  these  clips.  (See  plate  No.  4.)  Another 
form  of  tie  with  riveted  clips  has  the  groove  ruuniugin  from  each  end  and  two  raised 
ribs  along  the  middle  portion  of  the  tie.  Joint  ties  of  this  form  are  of  extra  width, 
with  two  grooves  at  each  end  and  three  ribs  at  the  middle.  With  other  forms  of  ties 
lugs  are  stamped  up  out  of  the  metal  to  hold  the  rail  flanges,  the  rails  being  se- 
cured by  keys.  A  tie  for  collieries,  mines,  and  light  tracks  has  the  lugs  bent  over  to 
embrace  both  flanges  of  the  rail,  the  rail  being  slipped  under  the  lugs,  and  no  keys 
or  other  loose  pieces  being  used.  For  portable  railways,  the  rails  and  ties  are  riveted 
together  to  form  sections  of  track,  one  end  of  the  rails  of  each  section  having  the 
splice-plates  riveted  on. 

The  Tredegar  ftes.— -Besides  the  steel  ties  made  for  the  Metropolitan  Railway,  the 
Tredegar  Iron  and  Steel  Company  makes  other  forms,  including  corrugated  steel  ties 
for  use  with  flange  rails.  These  are  made  of  various  sizes,  and  weigh  from  12  pounds 
(2i  pounds  extra  for  fastenings)  for  a  gauge  of  24  inches  to  62  pounds  (4  pounds 
extra  for  fastenings)  for  standard  gauge. 


76 


The  Nut  and  Bolt  Coriipamfs  ties. — The  Patent  Nut  and  Bolt  ComiDany,  of  Newport^ 
manufactures  a  tie  of  double  channel  or  |-|  section.  The  lower  part  is  of  trough  sec- 
tion, 2^i^2  inches  deep,  10^  inches  wide  at  the  bottom,  about  5^  inches  wide  on  top, 
and  having  on  the  upper  part  two  vertical  ribs  forming  a  channel  1^  inches  deep  and 
4|  inches  wide.  The  horizontal  part  is  eleven-thirty-seconds  of  an  inch  thick,  and 
the  sides  of  the  channel  are  three-eighths  of  an  inch  thich.  For  double-headed  rails 
the  fastenings  consist  of  two  loose  jaws.  The  outer  one  fits  the  web  of  the  rail  and 
the  under  side  of  the  head.  It  rests  on  the  horizontal  part  of  the  tie,  and  has  a  hooked 
lug  on  the  bottom  w^hich  passes  through  a  hole  in  the  tie  and  takes  a  bearing  on  the 
inside.  On  the  inner  side  of  the  rail  is  a  similar  jaw,  but  with  the  top  flat  and  hav- 
ing a  slot  near  the  base.  A  flat  taper  steel  key  is  driven  horizontally  through  slots 
in  the  sides  of  the  channel  and  the  base  of  the  jaw  in  a  similar  way  to  the  fastening 
used  with  the  Denhani-OlpLerts  plate-ties  in  India.  The  chair  and  fastening  make 
a  heavy  and  cumbrous  arrangement,  and  the  jaws  are  liable  to  wear  and  thus  cause 
rattling.  It  has  been  suggested  that  the  outer  jaw  might  be  riveted.  The  holes  for 
the  keys  and  chairs  are  punched  cold.  The  ties  weigh  154  pounds  each.  They  are 
said  to  have  been  in  service  under  heavy  traffic  at  the  Alexandria  Dock,  Newport, 
and  on  the  lines  at  the  works  of  the  manufacturers. 

The  Quetch  ties, — This  system  of  track  has  been  described  in  an  Indian  paper  as  an 
English  system,  and  it  is  said  to  have  been  awarded  a  bronze  medal  at  the  Railway 
Exhibition  at  Paris,  in  1887.  The  rails  are  of  bridge  section  with  very  wide  flanges, 
about  14  inches  wide  over  alL  The  joint' and  intermediate  chairs  consist  of  channel 
plates'  with  lugs  on  the  side  to  hold  the  rail  flanges,  and  a  rib  in  the  middle  to  fit  into 
the  hollow  of  the  rail,  keys  being  driven  through  the  webs  of  the  rail  and  this  rib. 
The  gauge  is  maintained  by  transverse  tie-rods  fastened  by  vertical  cotters.  The 
track  seems  to  resemble  the  Macdonnell  track  on  the  Great  Western  Railway. 

The  following  is  given  as  the  weight  per  mile  of  single  track : 


Kails,  24  feet  long,  106  pounds  per  yard 

Chairs: 

Joint,  90  pounds  each 

Intermediate,  45  pounds  each 

Tie  rods,  1^  inch  diameter,  30  pounds  each. 
Keys: 

Joint,  3  pounds  each 

Intermediate,  3  pounds  each 

Springs,  for  keys 

Cotters,  for  tie-rods,  3  pounds  each 


Total . 
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The  MacLellan  ties. — The  MacLellan  &  Smith  patents  are  for  ties  of  embossed  steel, 
either  in  the  shape  of  bowls  or  cross-ties.  A  description  of  the  former  will  be  found 
in  this  report,  under  "India"  (Calcutta  Port  Railway),  and  of  the  latter  under 
"Australia  "  (South  Australian  Government  Railways).  (See  plates  Nos.  18  and  25.) 
They  are  manufactured  by  P.  &  W.  MacLellan,  of  the  Clutha  Iron  Works,  Glasgow. 
MacLellan's  wrought-iron  ties  have  also  been  used  in  India,  on  the  Slate  Railways. 

The  Chair  and  Sleeper  Companyh  tie. — The  tie  manufactured  by  this  company,  of 
Widnes,  Lancashire,  and  in  use  on  the  North  Staflordshire  Railway,  is  a  steel  tie  of 
V-section.  For  double-headed  rails,  the  ordinary  cast-iron  chairs  are  secured  to  the 
flanges.  For  flange  rails  an  angle  plate  at  each  end,  as  long  as  the  width  of  the  top 
of  the  tie,  is  secured  by  two  rivets,  and  supports  the  outer  side  of  the  rail,  while  two 
loose  riveted  clamps  are  forced  round  upon  the  rail  flange  on  the  iuuer  side.  At  joints 
the  vertical  part  of  the  riveted  angle-bar  is  as  long  as  a  splice-bar,  and  has  four  pro- 
jections or  studs,  which  engage  with  the  holes  in  the  webs  of  the  rails.  Bolts  are 
thus  dispensed  with.  The  tie  is  intended  for  light  railways,  collieries,  etc.,  as  well 
as  for  main  lines. 
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Summary  of  Metal  Tkack  for  England. 

Miles. 

Northeastern  Railway '"> 

Loudon  and  North wosteru  Railway r)6 

Midland  Railway 5 

Great  Northern  Railway f 

London  and  Southwestern,  London,  Brighton  and  South  Coast,  Metropolitan, 

Metropolitan  District  and  Mersey  Railways  (estimated) I 

Great  Eastern  Railway 2^ 

Total  .^ 70 

SCOTLAND. 

General  Remarks. — The  length  of  railways  in  Scotland  is  about 
2,900  miles,  laid  exclusively  with  wooden  ties. 

Great  ^N^orth  of  Scotland  Railway. — Mr.  P.  M.  Barnett,  chief 
engineer,  writing  in  August,  1889,  stated : 

Metal  ties  have  not  been  tried  on  this  line.  The  ties  used  are  of  Scotch  fir,  9  feet 
long,  4^  inches  thick,  5^  inches  face,  and  10  inches  wide  at  bottom.  All  the  ties  are 
creosoted,  and  the  cost,  including  creosoting,  was,  at  the  time  of  the  report,  56  cents 
per  tie.  The  forests  from  which  the  ties  for  this  line  are  supplied  are  in  the  counties 
of  Aberdeen,  Banfi",  Elgin,  and  Inverness. 

Highland  Railway.— Mr.  M.  Patterson,  chief  engineer,  stated  in 
August,  1889 : 

Metal  ties  have  never  been  tried  on  this  line.  Scotch  fir  and  Jarch  and  some  Baltic 
fir  are  used.  The  Scotch  and  Baltic  fir  is  all  creosoted,  and  the  company  has  now 
begun  to  creosote  the  larch  ties.  The  ties  are  9  feet  long ;  the  foreign  ones  are  of 
rectangular  section,  10  by  5  inches,  and  the  native  ones  are  slabbed  on  the  back  for 
a  breadth  of  5  inches  to  give  a  seat  for  the  chairs.  The  larch  ties  cost  84  cents  to  86 
cents  and  the  fir  ties  60  cents,  when  creosoted.  The  line  is  in  the  best  part  of  Scot- 
land for  native  ties,  and  considerable  quantities  are  sent  to  lines  in  the  south  of  Scot- 
land and  some  to  England. 

IRELAND. 

Midland  Gre^t  Western  Railway. — Some  years  ago  Mr.  James 
Price,  while  chief  engineer  of  the  road,  introduced  a  system  of  cast- 
iron  ties,  experimentally,  and  obtaiued  excellent  results.  The  follow- 
ing description  refers  to  ties  of  the  type  used,  but  as  subsequently 
improved  upon  by  Mr.  Price,  who  has  furnished  me  the  particulars. 
Each  tie  consists  of  two  boxes  and  a  tie-bar.  The  boxes  are  6  by  6 
inches  square,  4|  inches  deep,  open  at  the  top ;  they  are  cast  with  a 
hollow  base  12  by  12  inches  square,  2  inches  deep,  and  one  side  of 
the  box  (transverse  to  the  rail)  is  extended  to  the  width  of  the  base, 
having  a  bolt  hole  in  each  wing.  The  box  is  partly  filled  with  a  special 
mixture  of  "sawdust  asphalt,"  consisting  of  sawdust  mixed  with  well- 
boiled  tar,  as  little  of  the  latter  as  possible  being  used.  This  material 
is  said  to  be  everlasting,  permanently  elastic,  and  very  cheap.  Upon 
this  is  placed  a  plate  fitting  into  the  box  like  a  piston,  and  the  rails  (of 
flange  section)  rest  on  this  plate  and  not  on  the  sides  of  the  box  j  so 
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that  they  have  a  firm  but  elastic  beariug.  The  tie-bar  is  3  inches  deep 
by  half  an  inch  thick,  with  a  clip  or  jaw  on  the  upper  edge  at  each 
end,  to  hold  the  outer  flange  of  each  rail.  The  inner  flange  is  held  by 
a  short  flat  plate  of  the  same  shape  as  the  end  of  tbe  tie-bar.  Bolts  of 
linch  diameter  pass  through  the  plate,  tie-bar,  and  the  wings  of  the 
box,  and  by  the  use  of  bolts  with  tapered  necks  a  very  strong  grip 
can  be  given  on  the  rail  flange.  The  ballast  is  brought  up  level  with 
the  top  of  the  boxes. 

General  Remarks. — In  this  country  no  railway  has  definitely 
adopted  metal  ties  for  general  use,  but  experiments  with  different 
forms  of  ties  have  been  made  and  are  still  being  conducted  on  five  of 
the  seven  principal  railway  systems;  in  some  cases  to  a  sufdcient  ex- 
tent to  enable  conclusions  to  be  drawn  as  to  comparisons  between 
track  on  metal  ties  and  on  wooden  ties.  There  has  been  a  tendency 
toward  the  designing  of  ties  of  complicated  construction,  made  up  of  a 
number  of  parts  or  difficult  to  manufacture;  such  ties,  however,  are 
necessarily  more  expensive  and  troublesome  than  ties  which  are  simple 
in  design  and  easy  to  manufacture,  and  for  these  reasons  their  wider 
introduction  is  not  probable,  after  practical  trials  shall  have  proved 
their  deficiencies.  The  majority  of  metal  ties  now  in  use  are  of  forms 
derived  from  the  type  designed  by  Mr.  Yautherin,  a  French  engineer; 
this  type  consisted  of  a  cross-tie  of  inverted  trough  section,  with  sides 
flaring  outward  from  the  top,  and  having  a  narrow  horizontal  flange  on 
each  lower  edge.  The  Yautherin  tie  is  the  basis  of  tlie  form  of  a  very 
large  number  of  the  ties  designed  and  introduced  within  recent  years. 
These  ties  were  first  used  in  1864,  on  the  Paris,  Lyons  and  Mediter- 
ranean Railway,  and  were  used  later  on  the  same  company's  lines  in 
Algeria.  Mr.  Clerc,  of  the  Western  Railway,  in  a  paper  published  in 
the  Revue  Generale  des  Ghemins  de  Fer,  Paris,  March,  1889,  stated 
that  of  the  numerous  systems  of  metal  ties  which  have  been  tried,  the 
majority  had  not  proved  satisfactory,  and  only  a  few  would  bear  close 
investigation.  Of  these  numerous  systems  few  had  been  designed  by 
persons  experienced  with  railway  work;  for  while  the  manufacturers 
have  considerable  interest  in  the  adoption  of  metal  ties,  most  railway 
engineers  prefer  wooden  ties,  and  difficulty  in  obtaining  wood  appears 
to  them  to  be  the  only  reason  justifying  the  use  of  metal  ties.  The 
time  when  this  difficulty  will  really  necessitate  the  use  of  metal  ties  can 
not  yet,  he  says,  be  foreseen.  The  price  of  wooden  ties  was  then  less 
than  it  had  been  during  thirty  years,  and  this  reduction  was  apparently 
due  to  the  development  of  certain  districts  and  the  facilities  of  trans-, 
portation  resulting  from  the  extension  of  the  railway  systems.  The  use 
of  creosoted  ties  has  increased  the  durability  of  the  track,  and  no  limit 
of  service  can  yet  be  assigned  to  ties  of  creosoted  beech  ;  such  ties  have 
been  in  service  for  twenty-five  years,  and  were  in  good  condition  at  the 
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end  of  that  time,  except  a  few  not  tboroiiglily  treated  and  some  which 
bad  been  split,  cut  by  the  cbaiis,  or  otherwise  damaged,  but  which  bad 
not  decayed.  Nevertheless,  Mr.  Clerc  beUeves  that  tbe  question  of 
tbe  use  of  metal  ties  shouUl  not  be  overlooked,  and  trials  have  in  fact 
been  made  upon  the  line  with  which  he  is  connected. 

In  1885  Mr.  Bricka,  engineer  in  chief  of  the  state  railways,  was  di- 
rected by  the  minister  of  public  works  to  investigate  the  principal 
systems  of  metal  track  in  use  in  Europe,  and  he  presented  a  very  com- 
plete and  valuable  report,  embodying  the  results  of  his  investigations. 
He  came  to  the  conclusion  that  the  use  of  track  with  metal  ties  is  ad- 
vantageous, and  is  not  in  general  more  expensive  than  that  with  wooden 
ties,  when  the  proportion  of  the  prices  does  not  exceed  8  to  5.  He 
recommended  cross-ties  of  the  Berg  and-Mark  or  Post  sections,  both  of 
which  are  modifications  of  the  Vautherin  tie.  He  further  recommended 
that  a  series  of  practical  trials  should  be  carefully  cnuducted.  If  prop- 
erly carried  out  tbe  cost  would  not  be  great,  and  the  results  thus  ob- 
tained and  recorded  would  be  extremely  valuable.  He  did  not  think, 
however,  that  the  use  of  metal  ties  would  become  general  in  France  to 
replace  wooden  ties,  as  there  are  yet  extensive  timber  resources  and  the 
use  of  wood  will  be  always  economical  in  forest  districts.  A  i)oint  not 
referred  to,  however,  is  the  superiority  of  track  on  metal  ties  over 
that  on  wooden  ties,  especially  under  heavy  and  rapid  traffic.  Metal 
longitudinals  have  only  been  tried  to  a  very  limited  extent. 

Use  of  old  rails. — Several  forms  of  ties  in  which  old  rails  are  to  be 
used  have  been  designed  by  Mr.  Ozanne.  They  consist  of  different 
forms  of  cast  iron  plates  and  rail  chairs  combined,  placed  in  pairs  and 
connected  by  an  old  rail,  forming  a  tie-bar,  bolted  or  keyed  to  them. 

State  Railways. — Tbe  following  information  is  taken  from  a  special 
detailed  report,  sent  to  me  in  March,  1888,  by  Mr.  Bricka,  the  engineer 
in  chief,  and  from  other  reports  sent  by  division  engineers,  dealing  with 
the  several  queries  contained  in  the  circulars  accompanying  my  letters 
of  inquiry. 

The  reason  for  using  metal  ties  was  that  engineers  had  learned  from 
the  experiments  and  trials  made  in  Germany,  Austria,  and  Switzer- 
land that  the  use  of  metal  ties  offered  considerable  advantages;  the 
engineers,  therefore,  decided  to  employ  sucli  ties  to  a  sufficient  extent 
to  enable  them  to  judge  for  themselves  as  to  tbe  results  to  be  obtained 
from  their  use.  Up  to  the  date  of  Mr.  Bricka's  communication  (March, 
1888)  the  track  had  remained  in  good  condition  j  it  was  as  firm  as 
and  more  solid  than  track  on  wooden  ties ;  there  was  no  trouble  with 
tbe  rail  attachments,  and  no  breakages  had  occurred;  no  difficulty  was 
experienced  with  the  maintenance,  which,  after  a  time,  tended  to  be- 
come less  than  the  maintenance  of  track  on  wooden  ties.  The  rails  are 
of  double-headed  section  on  some  parts  of  the  line,  and  of  flange  section 
on  other  parts.  The  ordinary'  cast-iron  chairs  have  been  used  on  some 
of  the  metal  ties  on  account  of  the  large  stock  on  hand  of  double-headed 
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rails ;  but  with  metal  ties  there  is  less  need  of  such  chairs  for  the  pur- 
pose of  distributing  the  pressure.  The  joiuts  are  suspended  and  are 
spliced  by  fish-plates  and  four  bolts.  The  ballast  is  of  sand,  gravel,  or 
broken  stone  j  on  the  outside  of  the  track  it  is  brought  up  level  witli 
the  under  side  of  the  rail  head;  on  the  inner  side  it  is  level  with  the 
bottom  of  the  rail  and  is  crowned  toward  the  middle  of  the  track.  The 
wooden  ties  are  of  pine  from  the  Laudes,  impregnated  with  chloride  of 
zinc,  which  cost  52  cents  each  in  the  southwest  district  of  the  system. 
Oak  ties  cost  95  cents,  and,  since  1886  or  1887,  these  ties  also  have  been  i 
impregnated  with  chloride  of  zinc,  which  increases  the  price  11  cents 
per  tie.  The  temperate  climate  of  the  region  in  which  this  system  of 
railways  lies  is  favorable  to  the  life  of  wooden  ties.  Atmospheric  agen- 
cies do  not  appear  to  affect  the  metal  ties,  which  only  corrode  in  tunnels 
and  when  laid  in  ballast  containing  sulphurous  material.  No  preserva-  j 
five  process  or  coating  is  applied  to  these  ties.  The  engines  with  three  ! 
axles  weigh  5Q  tons,  and  those  with  four  axles  75  tons,  including  the 
tender.  The  load  on  the  axles  of  the  engines  is  from  10  to  13  tons. 
The  speed  of  express  trains  ranges  from  38  to  50  miles  per  hour.  The 
lines  are  of  standard  gauge,  4  feet  8J  inches.  ' 

(A)  PauJet  and  Lavnletie  ties  (See  plate  No.  5). — These  ties  were  laid  in  August,       i 
1885,  for  a  length  of  11,119.20  feet,  on  the  line  from  Paris  to  Bordeaux  (section  from       j 
Montrenil-Bellay  to  Niort).     Mr.   Tyndall,    of  Tours,  was  the  engineer   in  charge. 
There  are  nine  trains  per  day,  with  a  speed  of  ;^7  to  50  miles  per  hour.     The  line  is 
double  track,  and  the  profile  and  alignment  of  the  track  laid  with  these  ties  are  as 
follows : 
Profile :  Feet. 

Level 2,246.80 

On  grades  of  1  per  cent 5, 412 

On  grades  of  .5  per  cent 721.60 

On  grades  of  .1  percent 2,738.80 

Alignment : 

On  tangents 3,690.69 

On  curves  of  1,640  feet  radius 7,  428.  51 

The  ties  are  made  of  iron  and  are  of  two  forms,  single  and  double.  The  single  ties 
are  made  of  two  angle-irons  3.6  inches  wide,  2.8  inches  high,  .36  inch  thick,  and  7.55 
feet  long  ;  these  are  placed  back  to  back  and  have  the  ends  bent  slightly  outward. 
A  rib  on  the  bottom  of  each  of  the  two  rail  chairs  rests  between  the  angle-irons,  and 
each  chair  is  secured  by  four  rivets  passing  through  the  angle-irons  and  rib.  The 
weight  is  about  165  pounds  per  tie.  The  double  ties  are  placed  24  or  32  inches  apart, 
and  are  connected  at  the  ends  by  irons  of  the  same  section  bent  to  the  form  of  a  JJ, 
the  legs  being  parallel  with  the  main  angle-irons  and  riveted  to  them  ;  the  ribs  ox 
the  chairs  lie  between  the  main  and  end  pieces  and  are  secured  by  the  rivets.  The 
double  ties  used  at  curves  have  the  angle-irons  about  32  inches  apart,  and  weigh  308 
pounds  each  ;  those  used  at  the  rail  joints  have  the  angle-irons  about  24  inches  apart, 
and  weigh  290.4  pounds  each.  The  single  ties  on  straight  lines  are  spaced  33  inches 
apart,  centre  to  centre,  and  32  inches  from  the  joint  ties.  On  curves  two  of  the 
double  ties  are  substituted  for  four  single  intermediate  ties,  leaving  one  single  tie  at 
the  middle.  The  double  ties  are  spaced  32  inches  apart,  or  34  inches  from  the  single 
ties.  The  ties  were  manufactured  by  the  Soci6t<>  Anonyme  des  Hants  Fourneaux,  of 
Maubenge.  The  first  cost  was  about  $45  per  ton,  and  the  expense  of  maintenance  is 
said  to  be  lower  than  that  of  track  with  v  ooden  ties.     These  ties  must  be  manufact- 
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ured  with  great  care,  as  otherwise  the  rivets  may  not  iit  exactly  and  may  throw  the 
track  out  of  gauge.  They  are  more  expensive  in  first  cost  and  are  less  advantageous 
[than  ties  of  the  Vautheriu  type.  The  rails  used  are  of  double-headed  section,  .5.3 
inches  high,  with  heads  2.4  inches  wide,  and  weighinjij  71!. 5  pounds  i)er  yard.  The 
upper  parts  of  tlie  chairs  are  of  the  usual  form,  and  the  rails  are  secured  in  them  by 
keys.  The  ballast  is  of  broken  granite,  and  is  about  22  inches  deep  between  the 
rails  and  12  iucbes  deep  under  the  tics.  The  width  of  ballast  is  23.4  feet  on  top,  ex- 
tending 3.4  beyond  the  ties.     The  road-bed  at  subgrade  is  Hat. 

Mr.  Bricka  stated  in  his  letter  that  the  Pauletand  Lavalette  ties  were  only  used  on 
a  short  length  of  track.  They  have  given  satisfactory  results,  but  on  account  of  the 
high  price  and  the  chances  for  damage  which  they  present,  the  ties  derived  from  the 
Vautheriu  type  are  much  preferred,  more  especially  as  their  advantages  have  already 
been  demonstrated  in  other  countries.  Mr.  Tyndall,  division  engineer,  writing  in 
May,  1888,  in  regard  to  these  Paulet  and  Lavalette  ties,  stated  that  those  laid  up  to 
that  date,  for  a  length  of  2.5  miles,  had  given  satisfaction,  no  chairs  having  been 
broken  and  no  rivets  loosened  He  thought  that  they  would  be  better  if  made  8.2 
feet  long  instead  of  7.55  feet,  and  that  for  sa  nd  ballast  J_  irons  she  \ld  be  used,  with 
the  inner  tianges  just  wide  enough  to  meet,  so  as  not  to  allow  the  ^imd  to  pass  up 
into  the  tie  while  being  tamped.  The  track  was  good,  and  the  cost  of  keeping  it  iu 
repair  was  about  the  same  as  for  the  track  alongside  of  it,  which  was  laid  on  wooden 
ties. 

{B)  Vautheriu  ties  of  uniform  section  for  double-headed  rails  (See  plate  No.  5).— At 
the  tim.e  of  the  report  there  were  on  the  line  from  Paris  to  Bordeaux  4.25  miles  laid 
with  these  ties  on  the  section  between  Chartres  and  Bron,  3.1  miles  were  being  laid 
on  the  section  between  Niort  and  La  Rochelle,  and  ties  were  being  manufactured  for 

18.6  miles  more.  Those  on  the  first  section  were  laid  in  January,  1887,  under  the 
supervision  of  Mr.  E.  Colin  (See  paragraph  D).  On  this  section  the  ties  are  on  the 
level  for  about  I  mile,  and  for  the  remainder  of  the  distance  on  grades  of  from  1.2 
per  cent,  to  .2  per  cent.;  about  2.67  miles  are  on  tangents,  and  the  remainder  on  curves 
of  from  1,804  feet  to  9,840  feet  radius.  The  line  is  single  track,  and  the  traffic  con- 
sists of  twenty-two  trains  per  day,  the  speed  of  the  express  trains  being  from  37 
to  50  miles  per  hour.  Mr.  Delaunay  was  the  engineer  in  charge  of  the  second  sec- 
tion, the  traffic  of  which  consisted  of  twelve  trains  per  day.  The  rails  are  of  similar 
section  and  weight  to  those  already  described.  The  ballast  is  of  sand  and  clean 
gravel,  about  13.2  inches  deep  under  the  ties.     The  width  of  the  ballast  bed  is  about 

11.7  feet  on  top  and  17  feet  at  the  bottom.  The  road-bed  at  subgrade  is  crowned. 
The  ties  are  of  modified  Vautherin  type,  of  uniform  section  throughout,  having  the 
top  table  of  uniform  thickness,  and  having  ribs  instead  of  horizontal  flanges  on  the 
lower  edges.  They  are  8.2  feet  long,  4.8  inches  wide  on  top,  3.2  inches  deep,  and 
10.12  inches  wide  at  the  bottom;  the  thickness  of  the  top  table  is  .4  inch,  while  that 
of  the  sides  varies  from  .28  inch  near  the  bottom  to  .32  inch  near  the  top.  The  weight 
is  126.72  pounds.  In  the  track  they  are  spaced  21  inches  apart,  center  to  center,  at 
joints,  and  intermediate  ties,  39.2  inches  apart.  No  special  arrangement  of  the  ties 
is  used  at  curves.  The  ties  are  of  mild  steel  and  are  manufactured  by  the  Soci^te  de 
Denain  et  d'Anzin,  and  cost  about  |30  per  ton  delivered  at  the  track.  The  expense 
for  maintenance  during  the  first  year  is  about  the  same  as  with  wooden  ties,  but  it 
diminishes  afterwards.  This  type  of  tie  has  given  general  satisfaction,  and  judging 
from  experience  in  other  countries,  they  should  have  a  life  of  at  least  thirty  years. 
The  chairs  used  are  of  cast-iron,  of  the  ordinary  form,  but  having  a  lug  on  the  under 
side  which  fits  into  a  slot  in  the  tie;  they  are  fastened  by  two  bolts  with  _£  heads 
inside  the  tie. 

(C)   Vautherin  ties  of  varying  section,  for  fiange  rails  (See  plate  No.  6). — On  the  line 

from  Paris  to  Bordeau  X)  (section  between  Chartres  and  Bron)  4.2  miles  were  laid  in 

January,  1887,  under  the  supervision  of  Mr.  Colin  (See  paragiaph  E).     About  1  mile 

of  this  distance  is  on  the  level,  the  remainder  being  on  grades  of  .7  to  .1  per  cent. ; 
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about  3.25  miles  are  on  tangents,  the  remainder  on  curves  of  5,000  to  8,200  feet  radius. 
Tlie  traffic  consists  of  twenty-two  trains  per  day.  Tlie  ballast  is  of  broken  ^^ranite 
and  the  section  of  road-bed  is  as  described  in  Paragraph  B.  The  rails  are  of  flange 
section,  5.2  inches  high,  5.2  inches  wide  over  the  flange,  with  a  head  2.4  inches  wide, 
and  weigh  78  pounds  per  yard.  On  the  line  from  Tours  to  Sables  (section  between 
Bressuire  and  Sables),  4.6  miles  were  laid  in  March,  1887,  under  the  supervision  of 
Mr.  Madelaine.  About  1.25  miles  are  on  the  level,  the  remainder  being  on  grades  of 
1.4  to  .7  per  cent.;  about  2.1  miles  are  on  tangents,  and  the  remainder  on  curves  of 
2,427  feet  to  6,000  feet  radius.  The  traffic  consists  of  twelve  trains  per  day.  The 
ballast  is  of  the  same  material  and  the  road-bed  is  of  the  same  general  section  as  de- 
scribed above,  except  that  the  bed  at  subgrade  is  flat  and  not  crowned.  The  rails 
are  of  flange  section,  5.2  inches  high,  4  inches  wide  over  the  flange,  with  a  head  2.4 
inches  wide,  and  weigh  70.4  pounds  per  yard.  The  ties  are  of  the  modiiied  Vautherin 
type,  of  varying  section  and  thickness  of  top  table,  being  somewhat  similar  to  the 
''Post"  type  of  tie  (Netherlands  State  Eailways).  They  are  very  similar  to  those 
described  in  Paragraph  B,  but  the  thickness  of  the  top  table  varies  from  .40  inch  or 
.44  inch  at  the  rail  seat  to  .28  inch  or  .32  inch  at  the  middle;  they  are  8.52  feet  long, 
with  a  top  table  6  inches  wide.  They  are  bent  to  give  the  rails  an  inward  cant  of  1 
in  20,  and  the  ends  are  closed.  They  are  of  mild  steel  and  weigh  124.3  pounds  each. 
They  were  manufactured  by  the  Societe  de  Denain  et  d'Anzin,  and  cost  $34  per  ton. 
The  expense  for  maintenance  during  the  first  year  is  about  the  same  as  with  wooden 
ties,  but  it  then  begins  to  diminish.  The  ties  have  given  good  results  and  are  ex- 
pected to  last  thirty  years  in  service.  The  fastenings  used  are  of  two  types ;  the  first 
consists  of  a  bolt  on  each  side  of  the  rail  flange,  the  bolt  having  a  JL  head  inside  the 
tie,  and  a  clamp  or  washer  held  down  on  the  rail  flange  by  the  nut ;  the  clamp  has  a 
projection  which  fits  into  a  slot  in  the  tie  ;  the  second  type  of  fastening  consists  of  an 
arrangement  of  gibs  and  cotters,  each  side  of  the  rail  flange  being  held  by  a  gib,  and 
a  vertical  cotter  being  driven  on  one  side.  This  latter  type  is  said  to  be  satisfactory, 
and  to  appear  to  be  superior  to  the  fastening  by  bolts  and  clamps,  a  result  which  is 
at  variance  with  early  experience  with  gib  and  cotter  fastenings,  it  having  been 
found,  as  a  rule,  that  the  cotter  worked  loose,*  or  else  rusted  in  so  that  it  could  not 
be  moved  and  must  be  broken  off,  the  whole  fastening,  as  a  rule,  soon  becoming  loose 
enough  to  make  a  noisy  rattling  track.  Some  of  the  German  railways,  and  the  West- 
ern Railway  of  Switzerland,  also  report  good  results  from  the  use  of  an  improved  gib 
and  cotter  fastening.  For  rail  lengths  of  20  feet  the  end  ties  are  spaced  24  inches, 
center  to  center,  and  the  intermediate  ties  36  inches ;  for  lengths  of  36  feet,  the  mid- 
dle and  end  ties  are  spaced  24  inches,  center  to  center,  and  the  intermediate  ties  39.2 
inches. 

Mr.  Edmond  Colin,  engineer  of  the  First  Division  (Premier  Arrondissement),  sent 
me  in  July,  1888,  a  detailed  report  of  experiments  made  under  his  charge  on  this  di- 
vision, with  three  types  of  metal  ties.  The  trials  were  made  on  the  line  from  Paris 
to  Bordeaux  (section  between  Chartres  and  Bron),  on  a  single  track.  These  ties  had, 
however,  been  in  service  too  short  a  time  to  enable  their  durability  to  be  determined, 
but  no  breakages  had  been  observed  since  the  ties  were  laid.  They  were  all  of  mild 
steel,  and  were  manufactured  by  the  Soci6t6  de  Denain  et  d'Anzin.  They  were 
spaced  24  inches  apart,  center  to  center  at  the  joints,  and  39.2  inches  intermediate. 
The  ballast  used  is  very  fine  sand  or  gravel,  mixed  with  40  per  cent,  of  broken  flint; 
it  is  brought  up  level  with  the  top  of  the  ties,  and  is  about  14  inches  deep  under  the 
rail  seats,  where  it  is  packed  into  the  tie.  The  ballasting  has  to  be  done  with  great 
care,  and  requires  at  first  more  continuous  care  with  metal  ties;  but  it  holds  in  them 
better,  and  after  the  first  year  the  maintenance  requires  considerably  less  time.  The 
track  on  metal  ties  keeps  in  better  .'  ine  and  surface  and  is  more  solid  than  track  on 
wooden  ties.  The  oak  ties  used  cost  92.2  cents  each,  and  5.6  cents  more  if  treated 
with  chloride  of  zinc  ;  their  average  life  is  twelve  years.  The  climate  of  the  region 
is  temperate,  but  the  wooden  ties  are  affected  by  the  various  conditions  of  the  ballast, 
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according  to  the  seasons ;  while  moist  in  the  spring  and  autumn,  it  dries  completely 
in  the  summer;  the  fastenings  then  work  loose  and  the  tie  has  a  tendency  to  split. 
With  the  metal  ties  the  atmospheric  iutlnences  give  no  cause  for  apprehension,  and 
it  has  heeu  observed  that  these  ties  do  not  rust  more  than  the  rails.  The  traffic  con- 
sists of  fourteen  passenger  trains  (the  speed  of  express  trains  being  37  to  50  miles  an 
hour)  and  eight  freight-trains  (carrying  merchandise,  grain,  wine,  and  cattle)  in 
tweuty-four  hours.  The  locomotives  are  of  three  classes :  (I)  with  two  axles  coupled, 
weighing  3G  tons;  (2)  with  three  axles  coupled,  weighing  33  to  .37  tons;  (3)  with 
four  axles  coupled,  weighing  53.3  tons;  the  load  per  axle  is  from  11  to  14  tons.  Fol- 
lowing are  the  details  of  Mr.  Coliu's  report : 

(D)  Modified  form  of  J'aittherin  type  of  tie,  with  uniform  section  and  thickness  through- 
out (See  paragraph  B). — These  ties  were  laid  between  November,  1886,  and  February, 
1887,  for  a  length  of  4.4  miles ;  1.25  miles  was  on  the  level  and  the  remainder  on  grades 
of  .13  to  1.15  per  cent. ;  about  3  miles  were  on  tangents,  and  the  remainder  on  curves 
of  1,640  to  9,840  feet  radius.  The  section  is  uniform  for  the  whole  length,  and  is  that 
of  a  Vautherin  tie  of  which  the  upper  table  is  widened,  and  the  sides  have  a  rib 
along  the  bottom  edge  instead  of  a  horizontal  flange.  The  tie  is  horizontal,  quite 
flat,  8.2  feet  long,  4.8  inches  wide  on  top,  9.2  inches  wide  inside  at  the  bottom,  and 
3.2  inches  deep  ;  the  sides  flare  outward  from  the  top  and  then  turn  down  vertically ; 
the  thickness  varies  from  .28  inch  and  .32  inch  at  the  sides  to  .40  inch  on  top.  The 
weight  is  129  pounds.  The  ends  are  bent  down  vertically  to  close  the  ends  of  the 
trough.  A  few  of  the  ties  were  coated  with  coal  tar  at  the  works;  the  others  were 
not  given  any  preparation.  The  cost  was  |30  per  ton  at  the  market  rates  of  1886 
and  ^28  per  ton  at  those  of  1888.  The  maintenance  expense  during  the  first  year  was 
nearly  equal  to  that  of  track  with  wooden  ties,  but  it  tended  to  diminish  sensibly 
after  the  first  year.  No  special  arrangements  are  made  on  curves.  The  rails  are  of 
double-headed  section,  36.08  feet  long,  weighing  76.5  pounds  per  yard.  They  are 
carried  in  cast-iron  chairs,  which  are  similar  to  those  used  on  wooden  ties,  but  have 
a  lug  on  the  under  side  which  fits  into  a  slot  in  the  top  table  of  the  tie.  Each  chair 
is  fastened  by  two  X-l^s^'ded  bolts,  and  the  rails  are  secured  in  the  chairs  by  wooden 
keys.  The  rails  are  laid  to  break  joint,  the  joints  are  suspended,  and  are  spliced  by 
fish-plates  and  four  bolts.  The  results  obtained  have  been  satisfactory,  the  track 
keeping  in  good  line  and  surface.  The  passage  of  trains  is  as  smooth  as  on  a  track 
laid  with  wooden  ties ;  at  first  it  was  a  little  harder,  but  there  is  now  no  difterence. 
The  maintenance  presents  no  difficulty,  and  there  is  only  one  special  precaution  to 
be  taken  for  lining  of  the  track.  To  shift  the  track  in  lining  up  it  is  necessary, 
owing  to  the  closing  of  the  ends  of  the  tie,  to  open  up  the  ballast  to  the  outside  of 
the  end  of  the  tie  on  the  side  towards  which  it  is  to  be  brought  back,  and  to  open  up 
the  ballast  in  the  interior  of  the  tie  from  the  opposite  end ;  unless  this  is  done  the 
track  will  shift  back  to  its  original  position  on  the  passage  of  the  first  train.  The 
rail  fastenings  give  no  trouble.  During  the  first  few  months  there  were  some  chairs 
broken,  which  was  attributed  to  insufficient  packing  of  the  ties.  Only  one  tie  had 
been  found  broken;  it  was  broken  transversely  under  the  chair,  and  the  break  ap- 
peared to  be  due  to  a  defect  in  the  manufacture.  The  replacing  of  this  tie  was  done 
without  any  difficulty  by  removing  the  ballast,  sliding  the  new  tie  in  under  the  rails, 
and  then  attaching  the  chairs.  The  ties  behave  well,  and  the  only  improvement 
suggested  was  the  strengthening  of  the  rail  chairs.  The  opinion  given  was  that  this 
type  of  tie  is  quite  satisfactory  and  gives  perfect  safety, 

(E)  Modified  form  of  Vautherin  type  of  tie,  ivith  varying  section  (See  paragraph  C). — 
These  ties  were  laid  in  February  and  March,  188/,  for  a  length  of  4.46  miles;  1.24 
miles  were  on  the  level,  and  the  remainder  on  grades  of  .12  to  .7  per  cent. ;  3.53  miles 
were  on  tangents,  and  the  remainder  on  curves  of  4,920  feet  to  8,200  feet  radius.  The 
general  form  is  similar  to  that  described  above  (paragraph  D),  but  the  section  varies 
at  different  parts  of  the  length,  and  the  top  table  has  an  extra  thickness  of  metal  at 
the  rail  seats.    The  tie  is  bent  to  give  the  rails  an  inward  inclination  of  1  in  20^  and 
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the  ends  are  closed.  The  length  is  8.52  feet;  width  of  top  table,  6  inches;  weight, 
124.3  ponnds.  Some  are  tarred  at  the  works,  the  others  are  used  without  treatment. 
The  price  was  $34  per  ton  at  the  market  rates  of  1886.  The  experience  as  to  cost  of 
maintenance  has  been  the  same  as  noted  for  the  preceding  type  (paragraph  D).  No 
special  arrangements  are  made  on  curves.  The  rails  are  of  flange  section,  36.08  feet 
long,  weighing  76.5  pounds  per  yard.  They  are  placed  directly  on  the  ties.  Some 
are  fastened  to  the  ties  by  gib  and  cotter  fastening,  a  vertical  cotter  being  used  ;  the 
others  are  fastened  by  bolted  clamps.  There  are  two  chimps  to  each  rail;  they  are 
of  r"  shape  ;  the  horizontal  part  bears  on  the  flange  of  the  rail  and  the  vertical  part 
rests  on  the  tie  and  has  a  projection  which  fits  into  a  hole  in  the  top  table  of  the  tie ; 
a  tee-headed  bolt  passes  up  through  the  tie  and  clamp  and  is  secured  by  a  nut  ou 
top.  The  track  was  first  laid  with  even  joints,  but  was  then  being  changed  to  break- 
joint,  that  system  being  preferred;  the  joints  are  suspended  and  are  spliced  by  fish- 
plates and  four  bolts.  The  remarks  as  to  results  and  maintenance  are  the  same  as 
for  the  preceding  type  described  (paragraph  D),  except  that  the  passage  of  trains 
"was  still  a  little  less  smooth  than  on  track  with  wooden  ties.  The  rail  attachments 
gave  no  trouble  and  there  had  been  no  breakage.  Experier.ce  up  to  that  date  had 
shown  that  the  gib  and  cotter  fastenings  were  better  than  those  with  clamps.  The 
opinion  given  was  that  this  type  made  a  very  solid  track  and  one  very  easy  for  main- 
tenance. 

(jP)  Boyenval  and  Ponsard  tie  (See  plate  No.  6). — Ties  of  this  type  were  laid  in 
April,  1888,  for  a  length  of  298.48  feet  on  a  tangent  of  a  grade  of  0.25  per  cent.  They 
are  of  uniform  section  throughout,  and  the  cross-section  is  that  of  three  troughs,  the 
middle  one  open  at  the  top  and  the  two  outer  ones  open  at  the  bottom.  The  ties  are 
horizontal,  8.2  feet  long,  8  inches  wide  on  top,  10.2  inches  wide  at  the  bottom,  and  2.8 
inches  deep  ;  the  width  of  the  top  is  made  up  of  two  bearing  surfaces  2.4  inches  wide 
and  a  channel  3.2  inches  wide ;  the  bottom  width  is  made  up  of  two  channels  3  inches 
wide,  a  middle  beariug  2.8  inches  wide,  and  two  flanges  .7  inch  wide.  The  thickness 
of  top  and  bottom  is  .32  inch,  and  of  the  sides  .20  inch.  The  weight  is  129.8  pounds. 
They  were  all  tarred  at  the  works,  and  the  price  was  |2.48  each.  The  ends  of  the 
two  outer  channels  are  closed  by  riveted  angle-pieces.  The  rails  are  of  double- 
headed  section,  36.08  feet  long,  weighing  76.5  pounds  per  yard;  they  are  carried  in 
cast-iron  chairs  a  little  stronger  than  those  used  with  wooden  ties,  and  having  a  lug 
on  the  bottom  which  fits  into  a  hole  in  the  tie.  Each  chair  is  fastened  to  the  tie  by 
four  bolts.  No  special  arrangement  would  be  used  for  curves.  The  rails  are  laid  to 
break-joint;  the  joints  are  suspended  and  are  spliced  by  fish-plates  and  four  bolts. 
The  results  obtained  had  so  far  been  satisfactory,  and  the  passage  of  trains  was  as 
smooth  as  on  a  track  with  wooden  ties.  There  had  been  no  breakages,  no  trouble 
with  the  fastenings,  and  no  difficulty  with  maintenance,  while  the  lining  up  was 
easily  eftected;  the  maintenance  would  not  differ  much  from  that  with  other  metal 
ties.  The  experience  with  this  type  of  tie  had  been  too  short  to  allow  of  any  definite 
opinion  being  given.  It  may  be  noted,  however,  that  the  shape  is  difficult  to  roll, 
and  the  tie  can  not  be  considered  as  easy  to  manufacture. 

The  double-headed  rails  used  with  metal  ties  are  of  ''hour-glass"  section:  5.4 
inches  high,  with  heads  2.64  inches  wide  and  web  .72  inch  thick  at  the  middle  ;  the 
radius  of  the  top  table  is  3.6  inches  for  a  width  of  1.6  inches;  the  radius  of  the  top 
corners  is  .38  inch,  followed  by  an  inward  curve  of  .88  inch  radius.  The  flange  rails 
are  5.2  inches  high,  5.2  inches  wide  over  the  flange,  and  2.4  inches  wide  in  the  head  ; 
the  head  has  a  top  radius  of  8  inches,  top  corners  of  .32  inch  radius,  vertical  sides, 
and  .24  inch  bottom  radius.  The  clamps  for  flange  rails  are  2.56  by  2.24  inches  over 
all  for  the  outer  flange,  and  2.56  by  1.86  inches  for  the  inner  flange;  the  thickness 
is  ,52  inch,  and  the  total  depth  1,24  inches.  The  bolt  holes  are  .84  iuch  square;  the 
nut  washers  are  1,28  inches  diameter,  with  a  hole  .84  iuch  in  diameter,  and  a  thick- 
ness of  .10  inch.  The  gib  and  cotter  fastening  consists  of  one  gib  on  the  outer  side, 
and  on  the  inner  side  two  gibs  with  a  vertical  cotter  between  them  ;  the  cotter  is  6 
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inches  long,  .8  inch  thick,  1.08  inches  wide  at  the  top,  and  .7()  inch  wide  at  the  bottom. 
The  outer  holes  iu  the  tic  arc  1.56  inch  long,  and  the  iuucr  ones  2.5  inches  long ;  they 
are  4.50  inches  apart  in  the  clear,  and  .88  inch  wide.  The  chairs  on  the  Vautherin 
ties  have  a  base  of  lo  by  4,48  inches,  the  loni^or  dimensions  being  length-wise  of  the 
ties;  the  jaws  are  4.84  inches  wide;  the  bolts  are  .76  inch  diameter.  The  chairs  for 
the  Boyenval  and  Ponsard  ties  have  a  base  of  8  by  U  inches. 

Mr.  A.  Delannay,  enf!:ineer  of  uhe  Saintes  division  ( Arrondissement 
de  Saintes),  stated  in  June,  1888,  in  regard  to  the  metal  ties  used 
on  the  section  from  Niort  to  La  Kocbelle  (See  paragraph  B),  that  the 
trials  Nvere  made  on  a  length  of  3.1  miles ;  the  line  was  on  a  tangent  and 
one  curve  of  3,280  feet  radius,  and  had  grades  not  exceeding  .5  per 
cent.  (5  millimeters  per  meter).  The  track  consisted  of  steel  rails  of 
double-headed  symmetrical  section,  18.04  feet  long,  carried  on  six  cross- 
ties  and  resting  in  chairs  weighing  21  pounds  each.  The  ballast,  which 
was  then  being  renewed,  is  of  calcareous  gravel,  very  clean  and  of 
coarse  size,  and  exceptionally  of  broken  stone  screened.  For  the  trials, 
Vautherin  ties  of  uniform  section  were  employed,  weighing  130.21 
pounds  each,  and  laid  six  to  a  rail  length.  Special  chairs  are  used, 
weighing  22.33  pounds,  and  having  a  lug  on  the  bottom  which  fits 
into  a  hole  in  the  tie.  The  bolts  attaching  the  chairs  to  the  ties  do  not 
work  loose  after  the  first  tightening  has  been  made.  In  laying  the 
ties  the  rails  and  joints  were  not  disturbed.  For  the  six  months  they 
had  been  in  service  the  ties  had  given  good  results  in  gravel  and  broken 
stone  ballast,  and  made  a  very  stable  track,  the  riding  on  which  was 
as  easy  as  over  a  track  laid  with  wooden  ties.  The  packing  had  to  be 
renewed  rather  frequently  at  first.  This  maintenance  work  caused  an 
extra  expense  for  labor  of  about  two  men  per  month,  who  have  been 
added  to  the  gang  of  five  men,  whose  section  of  4.96  miles  includes  five 
renewals  of  metal  ties.  The  first  ballasting  holds  better  in  sand  or 
gravel  than  in  broken  stone.  While  the  trial  was  too  recent  to  enable 
him  to  pronounce  on  the  results  obtained,  he  considered  it  probable 
that  six  months  later  they  would  be  able  without  difficulty  to  reduce 
the  section  gang  to  four  men.  The  traffic  consisted  of  five  i)assenger 
trains  in  each  direction  per  day,  composed  of  50  to  70  cars,  and  hauled 
by  engines  with  four  coupled  axles,  weighing  53  tons. 

Writing  again  in  December,  1888,  Mr.  Delaunay  stated  that  his  opin- 
ion, in  common  with  that  of  most  engineers  in  France,  was  that  the 
double-headed  or  bull-headed  rail  was  the  only  form  suitable  with 
wooden  ties  for  lines  with  heavy  and  fast  traffic ;  but  he  believed,  nev- 
ertheless, that  the  flange  rail  on  steel  ties  would  possess  all  the  supe- 
riority and  advantages  claimed  by  its  advocates  over  those  of  the 
double-headed  rails.  The  latter  have,  however,  been  used  on  metal  ties 
on  the  State  Railways  only  because  there  was  a  large  stock  of  these 
rails  which  it  was  necessary  to  use.  Trials  with  flange  rails  on  metal 
ties  have  been  made  on  other  divisions  with  excellent  results.  He  con- 
sidered that  the  cause  of  the  metal  tie  had  definitely  gained  its  success, 
and  that  its  advantages  could  only  be  contested  by  companies  whose 
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financial  conditions  do  not  i^ermit  them  to  pay  at  once  the  exist'ing  dif- 
ference of  cost  between  wooden  and  metal  ties. 

The  following  information  was  presented  by  Mr.  Kowalski  at  the  In- 
ternational Kail  way  Congress  held  at  ]Milan,  Italy,  in  1887  : 

Metal  cross-ties  were  used  ia  regular  service  for  about  16.43  miles ;  tliere  were  2.43 
miles  laid  witli  ties  cf  the  Paulet  type,  4.65  miles  with  a  modification  of  the  Vauthe- 
rin  type  of  tie^  using  cast-iron  chairs,  and  9.30  miles  with  the  'Post"  tie.  The  first 
weighed  about  220  pounds  each,  and  the  others  about  125.4  pounds.  They  were  all 
of  mild  steel,  but  it  was  intended  to  try  5,000  cross-ties  of  hard  steel.  As  the  laying 
of  these  ties  had  only  been  commenced  in  December,  1886,  no  precise  information  as 
to  the  results  ceuld  then  be  given. 

In  August,  1889,  the  engineer-in-chief  stated  that  since  March,  1888, 
metal  ties  had  been  laid  for  a  length  of  about  13.18  miles,  11.68  miles 
on  the  line  from  Tours  to  Sables  d'Olonne,  between  St.  Mesury  and 
Bressuire,  and  1.50  miles  near  the  station  at  Chartres.  There  had  also 
been  70,000  ties  ordered.  The  total  length  of  the  lines  of  this  system 
was  then  1,609.5  miles,  and  the  length  actually  laid  with  metal  ties 
about  31.62  miles. 

Paeis,  Lyons  a^b  Mediterrats^ean  Eail way.— Iron  ties  were 
laid  on  this  line  during  1862  and  following  years,  but  by  1872  they  had 
all  been  taken  out.  The  engineer  stated  in  February,  1888,  that  these 
ties  were  more  expensive  than  wooden  ties,  and  were  taken  out  be- 
cause, on  account  of  the  constant  traffic,  they  made  a  less  firm  track 
and  lasted  a  shorter  time.  The  ties  were  7.34  feet  long,  5.6  inches  wide 
on  top,  8.4  inches  wide  on  the  bottom,  and  2.4  inches  deep  ;  the  thick- 
ness was  .20  inch  to  .28  inch  on  the  sides,  and  .32  inch  on  top,  with  a 
middle  portion  .52  inch  thick  for  a  width  of  1.44  inches,  this  being 
given  by  extra  metal  on  the  under  side  of  the  top  table.  A  gib  and 
cotter  fastening  was  used,  and  not  being  well  adapted  for  this  purpose 
was  very  likely  the  cause  of  the  track  being  less  firm  than  on  wooden 
ties.  On  the  Algerian  lines  owned  by  this  company,  however,  100,000 
ties  were  laid  in  1870  and  gave  good  results  ;  in  February,  1888,  60,000 
more  iron  ties  were  being  laid.  The  conditions  on  these  lines,  however, 
are  not  the  same  as  those  obtaining  in  France ;  the  burning  climate 
causes  the  very  rapid  destruction  of  wooden  ties,  while  the  metal  ties, 
much  less  injured  by  the  x)assage  of  a  very  few  trains,  act  sufficiently 
well  in  service,  and  enable  a  certain  economy  to  be  realized  over  the 
wooden  ties  on  account  of  their  longer  life.     (See  "Algeria"). 

Yautherin  ties  were  first  used  in  1864,  on  the  line  from  Besanyon  to 
Lons-le-Saulnier,  then  in  course  of  construction :  600  ties  were  used, 
which  were  manufactured  by  the  Fraisant  Works  of  the  Iron  Works 
Society  of  Franche  Comte. 

The  present  ordinary  track  is  laid  with  rails  32.8  feet  long,  placed  on 
twelve  wooden  ties  in  main  track,  or  eleven  ties  at  stations,  and  on 
branches  where  the  speed  is  only  about  31  miles  per  hour.  In  main 
track  they  are  spaced  24  inches,  center  to  center,  at  the  joints,  28 
and   34   inches  next  to  the   joints,  and  36  inches  intermediate  j  for 
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branches  tliey  are  spaced  24  iucbes  at  joiuts,  30  inches  next  to  the 
joints,  and  3  feet  3i}  inches  intermediate ;  for  Ejections  with  very  heavy 
trattic  13  ties  are  used,  si)aced  3-?  inches  center  to  center.  Iron  tie- 
plates,  fastened  by  scre\YS  which  hokl  the  rails,  are  used  on  the  ties 
next  to  the  joint,  and  the  outer  angle-barof  each  joint  has  a  flange  suf- 
ticiently  wide  to  allow  of  the  screw  passhig  through  it.  To  prevent 
creeping,  some  of  the  iron  tie-plates  have  one  side  bent  up  to  fit  the 
rail-flange  and  web  j  these  plates  are  screwed  to  the  tie  and  bolted  to 
the  web  of  the  rail. 

Eastern  Eatlway.— In  February,  1888,  the  director  of  construction 
reported  that  up  to  that  time  they  had  made  only  very  limited  trials 
with  ties  of  several  forms,  and  had  not  been  able  to  draw^  favorable 
conclusions  for  the  adoption  of  any  one  of  these  forms  in  preference  to 
ties  of  hard  wood  (oak  or  beech),  simply  injected  with  dead  oil  of  coal- 
tar  (creosote).  These  wooden  ties  thus  prepared  gave  results  which 
did  not  admit  of  doubt  as  to  their  superiority  in  first  cost,  in  mainte- 
nance expenses,  and  in  renewals.  The  trials  with  metal  ties  w^ere,  how- 
ever, being  continued,  more  with  a  view  to  the  requirements  of  a  prob- 
ably distant  future  than  to  any  present  interest.  The  company  estimates 
that  the  life  of  its  creosoted  oak  ties  is  about  twenty-five  years,  and 
that,  therefore,  the  present  introduction  of  metal  ties  is  not  necessary. 
The  road  is  of  standard  gauge. 

One  of  the  most  interesting  forms  of  metal  ties  tried  on  this  road  is  a 
tie  designed  by  Mr.  Guillaume,  the  engineer  of  i^ermanent  way,  which 
has  been  laid  for  a  length  of  about  13  miles  (See  plate  No.  7).  It  is  of 
trough  or  channel  section  i)laced  in  normal  position,  that  is,  with  the 
open  part  upwards.  It  is  8.46  feet  long,  10  inches  wide  and  3.2  inches 
deep ;  the  thickness  at  the  bottom  is  0.36  inch.  The  ends  are  bent 
down  3.28  inches  below  the  level  of  the  bottom,  in  order  to  offer  resist- 
ance to  lateral  motion  of  the  tie  in  the  ballast.  The  weight  of  the  tie 
is  171.6  pounds,  or  about  190  pounds  including  the  fastenings.  Each 
rail  rests  on  two  blocks  of  elm,  creosoted  and  compressed;  these  blocks 
are  8.8  inches  long,  3.12  inches  square  under  the  rail,  and  have  the  top 
inclined  to  give  the  rail  an  inward  inclination  of  1  in  20  ;  they  are  thick 
enough  to  carry  the  rail  clear  of  the  sides  of  the  tie.  The  elm  blocks 
are  made  in  England,  and  give  much  better  results  than  blocks  of  oak, 
not  compressed,  which  have  also  been  tried  ;  they  have  not  allowed  any 
slack  or  play,  and  have  not  been  seriously  depressed  or  cut  under  the 
flange  of  the  rail.  The  absence  of  metal  contact  between  the  rail  and  the 
the  sides  of  the  tie  is  claimed  as  an  advantage  ;  this  might  be  true  with 
such  a  form  of  tie,  which  would  give  only  two  narrow  bearing  surfaces, 
but  it  has  been  conclusively  shown  with  other  forms  of  ties  that  the 
metal  contact,  where  there  is  a  wide  bearing  surface,  need  not  be  objec- 
tionable if  proper  fastenings  are  used.  The  rail  is  fastened  by  two  flat 
steel  plates,  cast  and  annealed,  placed  between  the  wooden  blocks  and 
sides  of  the  channel  j  each  plate  has  a  hooked  lug  on  the  upper  part  of 
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one  end  to  hold  the  rail  flange,  and  has  also  a  stud  on  the  side  fitting 
into  a  hole  in  the  side  of  the  channel ;  the  plates  weigh  about  4.07 
pounds  each,  or  16.28  pounds  for  the  set.  They  can  be  placed  or  re- 
moved separately,  after  driving  out  the  wooden  blocks,  without  disturb- 
ing the  rails,  thus  rendering  renewals  easy  j  it  would  seem,  however, 
as  though  the  fixing  of  the  plates  and  the  driving  of  the  wooden  blocks 
back  in  place  in  case  of  renewals  or  repairs,  would  disturb  the  track 
and  make  a  good  deal  of  work  necessary  to  adjust  it  to  proper  line  and 
surface  and  give  it  proper  stability  in  the  ballast.  The  depth  from  the 
head  of  the  rail  to  the  bottom  of  the  tie  is  8.76  inches.  Mr.  Bricka  re- 
ported adversely  to  this  form  of  tie,  on  account  of  the  cutting  away  of 
the  flanges  or  sides  of  the  channel  at  the  rail-seats,  and  lie  was  of  opin- 
ion that  experience  had  shown  that  wooden  bearing  blocks  were  neither 
necessary  nor  desirable  with  metal  ties.  There  are  sixteen  ties  to  a 
rail  length  of  39.36  feet,  spaced  24  inches  center  to  center  at  joints  and 
30  inches  intermediate,  with  the  fourth  and  fifth  ties  from  the  end  of 
each  rail  spaced  31.2  inches  center  to  center.  The  ballast  between  the 
rails  is  level  with  the  middle  of  the  web  of  the  rail,  and  on  the  outer  side 
of  the  track  it  is  level  with  the  middle  of  the  head  of  the  rail.  The 
engineer  stated  in  April,  1888,  that  the  provisional  trials  were  satisfac- 
tory, but  that  they  were  restricted  to  making  them  on  a  very  limited 
scale,  the  superiority  of  properly  creosoted  wooden  ties  over  all  forms  of 
metal  ties  being  established  in  the  minds  of  engineers.  The  rails  are  of 
flange  section,  weighing  71.1  pounds  per  yard  ;  they  are  39.36  feet  long, 
laid  to  break  joint.  The  joints  are  suspended  and  are  spliced  by  a  pair 
of  fish-plates  with  four  bolts ;  the  inner  plates  are  of  deep  section,  hav- 
ing a  vertical  web  projecting  below  the  flange. 

In  1886  one  hundred  ties  of  the  Post  type  had  been  laid. 

The  following  particulars  were  presented  by  Mr.  Kowalski  at  the 
International  Eailway  Congress,  held  at  Milan,  Italy,  in  1887: 

There  were  placed,  about  1865,  2,200  iron  cross-ties,  100  being  of  the  Vautherin  type 
and  the  rest  of  a  type  designed  by  the  company's  engineers  as  a  modification.  About 
1886  there  were  laid  100  ties  of  the  Post  type  and  100  ties  of  a  type  designed  by  the 
engineer.  The  Vautherin  ties  weighed  88  pounds,  the  company's  old  and  new  types 
109  pounds  and  141.15  pounds,  respectively,  and  the  Post  ties  169.61  pounds.  The 
two  latter  types  were  each  laid  with  50  ties  on  a  tangent  and  50  ties  on  a  curve  of 
3,608  feet  radius,  with  a  grade  of  0.3  per  cent,  in  the  direction  of  the  traffic.  The 
traffic  in  1886  consisted  of  21,682  trains,  of  which  12,031  were  passenger  trains,  and 
9,651  were  freight  trains ;  the  average  speed  of  passenger  trains  is  40.3  miles  per  hour. 
The  heaviest  locomotives,  with  four  axles,  weighed  56  tons.  The  tonnage  hauled  in 
1886  amounted  to  4,616,000  tons.  The  rails  were  of  steel,  weighing  60.36  pounds  per 
yard.  The  ballast  was  of  a  sandy  nature,  fairly  good.  The  Vautherin  ties  were  taken 
out  in  about  six  years;  most  of  them  were  cracked.  The  company's  old  type  of  ties 
lasted  better,  but  the  work  of  ballasting  was  45  per  cent,  greater  than  with  wooden 
ties,  and  they  were  all  taken  out  on  account  of  the  wear  of  the  fastenings.  The  other 
types  appeared  to  give  better  results,  but  the  experience  was  then  too  short  to  ena- 
ble any  opinions  to  be  expressed.  The  passage  of  trains  over  these  ties  was  very 
smooth,  and  similar  to  that  over  wooden  ties. 
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Western  Railway. — The  inctal  ties,  of  which  I  received  particu- 
lars  ill  March,  1888,  were  invented  and  manufactnred  by  Mr.  Chappee, 
at  Mans,  and  were  hiid,  in  May,  1887,  for  a  length  of  abont  65G  feet  on 
the  line  from  Paris  to  Havre,  under  the  supervision  of  Mr.  Banchal. 
They  are  on  curves  of  4,920  feet  radius  and  a  grade  of  0.5  per  cent. 
The  tie  consists  of  a  wrought-iron  inverted  channel  iron,  upon  which 
the  rail-chairs  are  cast  in  place.  (See  plate  JSTo.  7.)  The  channel  iron 
is  8.2  feet  long,  8  inches  wide,  and  2.8  inches  deep ;  the  thickness  of  the 
top  table  is  0.36  inch.  The  upper  part  of  the  cast-iron  chairs  is  of  the 
U'Ual  form  for  a  double-headed  rail,  but  there  is  a  wing  of  "|-shape  on 
each  side,  which  fits  over  the  side  of  the  tie.  These  wings  are  4  inches 
wide,  4  inches  thick  at  the  side  of  the  tie,  and-  3.6  inches  deep  below 
the  top  of  the  tie.  They  thus  embrace  the  flanges  of  the  channel  and 
project  2  inches  inside  and  outside  of  them ;  while  at  the  middle,  under 
the  rail,  they  completely  fill  the  space  inside  the  channel.  The  width  of 
the  lower  part  of  the  chairs,  over  the  wings,  is  12  inches,  and  the  rails 
have  a  bearing  for  that  distance,  which  is  double  the  bearing  given  by 
an  ordinary  chair.  In  each  side  of  the  tie  are  two  holes  0.8  inch 
diameter,  one  to  each  chair,  through  which  the  metal  can  flow  and 
so  securely  fasten  the  chair  in  its  place.  Both  chairs  are  cast  at  the 
same  time.  The  weight,  including  chairs,  is  about  297  pounds.  The 
cost  is  about  $3  per  tie,  the  channel-iron  itself  costing  $2.  The  time 
of  the  trial — one  year — was  then  too  short  to  permit  of  the  mainte- 
nance expenses  or  the  i)robable  life  being  determined.  The  ties  are  not 
painted  or  otherwise  protected  against  rust,  and  no  special  arrange- 
ments are  made  for  curves.  The  rails  are  of  steel,  of  double-headed 
section,  and  weigh  78  i)ounds  per  yard.  They  are  secured  in  the  chairs 
by  wooden  keys.  The  joints  are  suspended  and  are  spliced  by  a  pair 
of  fish-plates  and  four  1-inch  bolts.  One  of  each  pair  of  plates  has  a 
vertical  web  projecting  below  the  rail.  The  ballast  is  of  quarry  chips, 
about  12  inches  deep  under  the  ties.  The  road- bed  at  subgrade  is  hor- 
izontal. The  ties  are  spaced  as  follows :  For  a  rail  19.668  feet  long,  24 
inches,  center  to  center,  at  joints,  28  inches  next  to  the  joints,  and  32 
inches  intermediate;  for  a  rail  26.24  feet  long,  24  inches  at  joints,  29.08 
inches  next  to  the  joints,  and  34  inches  intermediate,  except  the  middle 
ties,  34.04  inches.  The  climate  is  temperate,  its  hygrometric  condition 
average,  and  it  exercises  no  particularly  destructiv^e  influence  on  the  ties. 
In  March,  1888,  the  director  of  works  stated  that  there  are  found  in 
France,  in  quantity  more  than  sufficient  to  meet  the  demand,  excellent 
species  of  wood  for  ties,  which  are  delivered  in  the  form  of  ties  at  ad- 
vantageous prices  and  which  would  always  be  given  the  preference 
over  metal  ties.  Under  these  conditions,  and  without  being  indifferent 
to  the  investigations  which  have  been  made  in  various  places  in  regard  to 
the  substitution  of  metal  for  wood  for  service  as  ties,  this  company  had 
only  made  very  limited  trials  of  metal  ties.  In  sending  particulars  of  the 
tie  above  described,  it  was  stated  that  the  experiments  were  too  recent 
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to  enable  any  reliable  conclusions  to  be  drawn  as  to  the  advantages  or 
disadvantages,  or  any  opinions  to  be  formed  based  on  the  experience 
acquired.  These  trials  are  not  of  any  immediate  interest  to  the  com- 
pany, as  the  railway  is  largely,  and  under  advantageous  conditions, 
supplied  with  ties  of  oak  or  beech  of  good  quality,  which  when  cre- 
osoted  cost  about  $1  each  and  last  about  twenty-five  years. 

In  a  short  article  in  the  Revue  Generale  des  Chemins  de  Fer,  March, 
1889,  Mr.  Glerc,  the  director  of  works,  stated  that  after  liaving  made 
trials,  lasting  during  two  years,  of  the  metal  ties  already  described,  on 
parts  of  the  line  under  the  heaviest  traffic,  the  company  had  ordered 
5,000  more  of  the  same  type,  with  some  modifications  suggested  by  expe- 
rience, in  order  to  carry  on  the  experiments  on  a  large  scale.  This  ad- 
ditional step  is  interesting,  when  the  statements  made  by  Mr.  Olerc  in 
March,  1888,  are  considered,  as  the  metal  ties  seem  to  have  been  looked 
upon  with  favor  in  spite  of  the  plentiful  supply  of  wood.  (Mr.  Chappee 
also  proposes  to  make  the  tie  with  the  channel-iron  placed  with  its  open 
side  upward.) 

The  company  exhibited  specimens  of  its  track  at  the  Paris  Exposition 
of  1889,  and  the  following  tables  of  weights  are  taken  from  Engineer- 
ing, August  9,  1889. 


Table  of 


metal  track.     (  Weight  per  yard=o'27  pounds). 


Unit 
weights. 

Separate  weights. 

Material  for  39  feet  4  inches  of  track. 

Steel. 

Oast- 
iron. 

Wrought 
iron. 

2  rails,  39  feet  4  inches  long,  88.7  pounds  per  yard 

2  pair  of  fish-plates 

Pounds. 
1,164 

242 

Si- 

Pounds. 

2,  328 

75 

2,'380 

80 

Pounds. 

Pounds. 

.   . 

"i,'984 

12 

18  metal  ties  (132  pounds  of  steel,  110  pounds  of  east-iron) 

Total          .        - 

4,863 

1,984 

19 

Table  of  ordinary  track.     (  Weigh  t  per  yard=388  pounds). 


Material  for  26  feet  of  track. 


Separate  weights. 


Unit 
weights. 


steel. 


Cast-  jWrought 
iron.         iron. 


Wood. 


2  rails,  60  pounds  per  yard 

4  fish-plates 

16  tie-plates 

8  fish-bolts,  seven-eighths  inch  diameter 

12  screws,  seven-eighths  inch  diameter  and  4J  inches 

^ong 

4S  screws,  seven-eighths  inch    diameter  and  5J  inches 

long    

10  ties 

16  keys 


Total. 


Lbs.         Lbs. 
529         1, 058 
34i  i  69 

33 
1 


0.8 


35 
1,162 


Lbs. 


528 


528 


Lbs. 


Lbs. 


38 


1,650 


I 
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In  1875  the  coini);n)y  adopted  a  steel  flange  rail,  weigbing  only  60 
poiuuls  per  yard,  to  reduce  the  expense ;  siiiee  then  the  track  on  grades 
and  sliar})  curves  has  been  strengthened  by  the  use  of  angle-bars  on 
The  inner  side  of  the  joints,  ten  ties  per  rail-length  instead  of  nine,  and 
iron  tie-plates  on  each  tie  except  those  at  the  joints.  The  angle  bars 
are  fastened  to  the  ties  by  coach  screws,  to  ])reveiit  creei)ing  of  the 
track.  The  wooden  ties  are  creosoted  with  dead  oil  of  coal-tar,  at  the 
company's  works.  At  first  the  Bethell  process  was  used,  requiring  35 
to  40  pounds  of  creosote  for  beech  ties.  Since  1876  the  ties  are  first 
steamed  under  a  pressure  of  five  atmospheres,  reducing  the  amount  of 
creosote  to  26  or  28  pounds  and  giving  it  a  better  distribution  among 
the  fibers.     The  oak  ties  are  said  to  require  8  to  11  pounds  of  creosote. 

Northern  Railway.— In  February,  1888,  Mr.  (Jontannin,  engineer 
of  permanent  way,  stated  that  this  road  had  laid  on  its  Belgian  lines 
1,700  ties  of  the  Severac  type  during  eighteen  months,  and  was  then 
about  to  place  10,000  of  these  ties  on  its  French  lines.  In  order  to  es- 
tablish a  comparison,  allowing  for  tlie  great  difference  between  the  first 
cost  of  wooden  ties  and  that  of  metal  ties,  it  was  hoped  that  a  sensible 
economy  would  be  realized  in  the  maintenance  expenses,  but  the  ex- 
perience was  then  too  short  to  enable  an  opinion  to  be  pronounced.  (See 
Belgium.) 

At  the  International  Railway  Congress  held  at  Milan,  Italy,  in  1887, 
]\Ir.  Kowalski  stated  that  1,500  ties  of  the  Severac  type  had  been  in  use 
on  this  company's  Belgiati  lines  for  about  two  years,  and  had  given 
good  results.     (See  *' Belgium.") 

Southern  Railway. — In  September,  1889,  this  company  reported 
that  no  metal  ties  have  been  used,  even  for  experiment. 

Paris  and  Orleans  Railway. — This  company  reported  in  March, 
1888,  that  no  trials  had  been  made  with  metal  ties,  as  the  forests  in  the 
neighborhood  of  the  railway  enable  the  company  to  count  upon  sufii- 
cieut  resources  for  a  long  time  to  come.  The  woods  used  are  oak  and 
pine.  The  average  price  of  the  oak  ties  is  90  cents  each,  and  their  aver- 
age life  is  fifteen  to  sixteen  years.  The  pine  ties,  which  are  being  aban- 
doned, cost  66.4  cents  each  creosoted,  and  61.4  cents  treated  with  sul- 
phate (presumably  of  copper,  but  not  stated) ;  the  average  life  of  the 
latter  is  ten  years ;  the  creosoted  ties  are  of  too  recent  date  for  conclu- 
sions to  be  drawn  as  to  tlieir  life. 

TIES. 

Paidct  and  Lavaletie  ties. — These  ties  have  been  described  under  the  heading  of  the 
State  railways,  on  which  lines  they  are  used  with  double-headed  rails.  They  are  also 
made  for  flange  rails,  the  only  difference  being  in  the  form  of  the  chair,  w^hich  has  a 
flat-top  with  two  lugs,  a  key  being  driven  between  one  lug  and  the  rail-flange.  The 
chairs  are  secured  by  three  rivets.  The  ends  of  the  angle-irons  may  he  straight  in- 
stead of  flared  out.  The  weight  of  ties' for  standard  gauge  tracks  is  165  pounds,  with 
chairs  for  double-headed  rails,  and  154  pounds  with  chairs  for  flange-rails.  The  ties 
are  also  made  for  meter  gauge  lines,  and  may  be  made  of  tee-irons  instead  of  angle- 
irons  if  necessary  (See  plate  No.  5). 
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The  Brunon  ties. — These  ties  are  of  pressed  steel,  and  were  invented  by  Mr.  Bartliol- 
emy  Brunon,  but  have,  I  believe,  not  been  -put  in  service.  They  are  of  f\  sectiou, 
narrow  and  deep  at  the  middle  and  broad  and  shallow  at  the  ends,  the  sides  slopiuj^ 
up  to  the  top  table.  The  thickuess  is  .32-inch  throughout,  and  the  weight  about  77 
pounds  per  tie.  The  rail  seats  are  pressed  up  and  boles  are  made  in  the  sides  of  the 
elevated  seat  for  the  ends  of  a  bent  bolt  which  lies  within  the  tie.  For  flange-rails 
clips  are  used  which  hold  the  flanges  and  are  fastened  by  the  bolt.  For  double-headed 
rails  the  same  plan  is  adopted  but  the  clips  are  larger,  one  bearing  against  the  web 
and  lower  head  of  the  rail,  and  the  other  embracing  the  side  of  the  lower  head.  At 
the  joints  angle-bars  are  used  having  an  extension  of  the  flange  bent  to  fit  the  curve 
of  the  rail-seat,  the  bolts  passing  through  these  flanges  iu  the  same  way  as  through 
the  ordinary  clips.     The  ordinary  joint  bolts  are  used. 

The  Decauville  ties. — These  ties  are  used  for  the  well-known  system  of  Decauville's 
portable  railways,  which  are  for  narrow-gauge  plantation  lines,  contractor's  lines, 
light  railways,  etc.  They  are  of  inverted  channel  irons,  with  the  flanges  bent  round 
to  close  the  ends.  The  rails  are  usually  riveted  to  the  ties.  A  line  of  24  inches  gauge 
was  built  on  this  system  through  the  grounds  of  the  Paris  Exposition  of  1889;  the 
ties  were  about  3  feet  7f  inches  long,  5.6  inches  wide,  1.16  inches  deep,  and  .20-inch 
thick ;  they  were  spaced  10.4  inches  apart,  center  to  center,  at  the  joints,  and  25.56 
inches  intermediate.  The  rails  were  of  flanged  section,  2.4  inches  high  and  2.5  inches 
wide ;  each  rail  was  fastened  to  the  tie  by  three  rivets,  two  through  the  inner  flange 
and  one  through  the  outer  flange.  The  sections  of  track  were  16.40  feet  long,  with 
fish-plates  at  the  rail  joints.  This  track  could  carry  a  service  load  of  3  tons  per  axle, 
and  a  48- ton  gun  was  hauled  over  it  by  using  four  trucks  with  four  axles  each,  the 
trucks  being  coupled  in  pairs.  The  line  was  used  for  passenger  and  freight  traffic, 
and  was  operated  by  compound,  four-cylinder,  double-truck  engines,  weighing  11.3 
tons  in  working  order.  The  tramway  at  Laon  is  laid  with  a  similar  track  and  oper- 
ated by  similar  engines.  This  line  has  grades  of  6  per  cent.,  with  curves  of  88.56  feet 
radius.  For  particulars  of  these  two  lines  see  Engineering  News,  New  York,  Septem- 
ber 1,  1888,  and  June  1, 1889.  The  system  is  also  referred  to  in  the  part  of  this  report 
referring  to  ''Light  and  Portable  Eailways." 

The  Goupillon  ties. — These  are  a  modification  of  the  Vautherin  type  of  tie,  and 
resemble  the  "Post"  tie;  but  there  is  claimed  to  be  less  work  done  on  the  metal 
than  with  the  "Post"  tie,  which  is  bent  to  give  the  inclination  to  the  rail.  The 
fastenings  are  entirely  different  in  character.  The  ties  are  horizontal,  but  at  the 
rails  the  metal  is  thickened,  and  so  shaped  as  to  form  a  rail  seat  giving  the  desired 
inclination,  and  having  a  depression  to  receive  the  flange  of  the  rail.  They  are  8.85 
feet  long,  5.2  inches  wide  on  top,  9.2  inches  wide  at  the  bottom,  4  inches  deep  over 
all ;  the  sides  are  vertical  for  2.6  inches  from  the  bottom.  The  thickness  of  the  sides 
increases  from  .24  inch  at  the  bottom  to  .^8  inch  at  the  top  ;  the  top  table  is  .36  inch 
thick,  but  extra  metal  is  added  on  the  under  side,  making  it  .52  inch  thick  for  a  width 
of  about  2  inches.  The  thickness  under  the  rail  is  .76  inch.  The  rails  are  fastened 
by  screws  of  different  forms,  the  heads  being  wide  and  holding  the  rail-flange.  They 
may  be  (1) — only  long  enough  to  screw  through  the  thickness  of  the  metal  of  the 
tie;  or  (2) — long  enough  to  screw  also  through  a  thick  iron  washer  inside  the  tie, 
which  takes  both  the  screws;  or  (3) — the  ordinary  long  screw  spikes  used  in  Euro- 
pean railway  practice  may  be  used,  screwing  into  wooden  blocks  placed  inside  the 
tie,  one  under  each  rail.  The  ends  of  the  ties  are  closed.  For  rails  of  56  to  60  pounds 
per  yard,  the  ties  would  weigh  between  132  and  154  pounds  each.  These  ties  have 
not,  I  believe,  been  put  in  service. 

The  La  Gressiere  ties. — These  are  cross-ties  of  deep  inverted  channel  section  with 
vertical  sides  and  a  rib  on  each  bottom  edge.  Along  the  whole  length  of  the  top 
table  is  a  deep  groove.  A  tie-plate  the  full  width  of  the  tie  is  riveted  at  each  rail 
seat.  The  rail  is  fastened  by  broad  clamps  or  flat  spikes,  which  pass  through  slots  in 
the  tie-plate,  and  project  down  into  the  groove  in  the  tie.  A  long  taper  key  or  cotter 
is  driven  horizontally  througt  a  slot  in  the  low^er  part  of  each  rail  clamp,  holding 
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tlieni  tightly  in  place.  Tlio  ties  weigh  Ct)  pouiulH  for  meter  gauge  lines,  and  121  to 
i;V2  pounds  for  standard  gauge.  They  are  said  to  have  been  tried  on  the  Eastern 
Kaihvay,  but  no  intbrniation  respecting  them  has  been  furnished  by  that  road. 

SUMMARY  OF  MET.\L  TRACK  FOR  FK.\NCE. 


Raihvav.s. 

Cross-ties. 

St^.ite                     , 

2mes. 
31.  62 

13.00 

Wostt'rii                                                             -                                   ....         ....... 

2  50 

5.00 

Total       

52.  12 

General  Eemarks. — Mr.  Post,  in  bis  paper  presented  before  the 
Society  of  Civil  Engineers,  France,  in  1885,  stated  that  Holland  was  a 
conntry  not  possessing  any  metal  tie  producing  industry,  but  able  to 
obtain  plenty  of  cheap  native  and  foreign  timber,  the  latter  being  im- 
ported, at  a  low  rate,  by  sea,  river,  canal,  and  rail.  Nevertheless,  nearly 
all  the  railways  have  been  using  metal  ties  for  some  years,  not  on  ac- 
count of  pressure  from  the  government,  but  because  they  are  persuaded 
that  it  is  to  their  own  interest. 

In  Mr.  Bricka's  report  to  the  Minister  of  Public  Works  of  France,  in 
18So,  is  given  the  following  table  of  mileages: 

Table  of  mileage  of  railway  trach.      Holland,  187S-1884. 


Year. 

Main 
lines. 

Local 
lines. 

Total 
track. 

Wooden 
ties. 

Metal  longi- 
tudinals. 

Metal 

cross 
ties. 

Stone, 
etc. 

1878    

1027.  34 
1034.  78 
1068.  26 
1096,66 
1126.54 
1235.  66 
1279.  06 

"'3.10 
4.34 
4.34 
39.68 

1764.  52 
1624.  40 
1718.64 
1778.  78 
1922. 62 
2066.  46 
2204.  16 

1653. 54 
1538.84 
1589.  68 
1627.  50 
1750.88 
1876. 12 
1988.  34 

.62 

10.54 
10  54 
10.  .H 
10.54 
10.  54 
7.44 

49.60 
75.  02 
118.42 
140.74 
161.20 
179.80 
203.  98 

1879 

1880 

1881 

1882 

1883 

1884 

4  34 

Netherlands  State  Eatlways. — The  Netherlands  State  Railway 
Company,  which  operates  the  system  of  railways  owned  by  the  State, 
has  had  a  thoroughly  intelligent,  careful,  and  practical  investigation 
made  as  to  the  merits  and  advantages  of  different  forms  of  ties.  The 
company  was  singularly  far-seeing,  and  when  the  engineer  began  the 
work  he  began  with  a  careful  system  of  records  as  to  the  track  and  the 
results  obtained.  Mr.  Post,  the  engineer  of  permanent  way,  during  the 
earlier  experiments  designed  and  adapted  a  special  form  of  tie  which, 
after  some  modifications  shown  by  experience  to  be  desirable,  has  been 
adopted  as  the  standard  form  of  metal  tie  on  this  railway  system,  and  is 
also  extensively  used  in  other  countries.  This  is  the  cross-tie  of  mild 
steel,  of  varying  thickness  and  cross-section,  which  is  now  so  well 
known  as  the  "Post"  tie. 
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In  1865  the  company  put  down  on  the  Deventer  and  ZwoUe  line  10,000 
ties  of  the  Cosijns  type.  (See  plate  ^N'o.  8.)  Each  tie  consisted  of  an 
ordinary  I  beam,  laid  with  the  web  horizontal  ( »-i  ) ;  under  each  rail  was 
an  oak  block  with  a  groove  cut  in  it  for  the  rail  flauge  5  the  rail  was 
fastened  by  two  bolts.  The  ties  were  8.S5  feet  long,  8  inches  wide,  and 
weighed  124.7J:  pounds  each.  The  results  on  the  whole  were  satisfac- 
tory. The  cost  of  packing  had  not  been  much  higher  than  with  wooden 
ties,  and  the  renewals  of  the  wooden  blocks  had  not  cost  more  than 
those  of  wooden  ties.  Experience  showed,  however,  that  the  fasten- 
ings were  defective,  the  bolts  being  too  long  and  permitting  a  trans- 
verse sliding  of  the  blocks  with  the  rails  on  the  tie.  For  this  reason 
it  was  found  better  to  attach  the  rails  directly  to  the  metal  ties.  In 
1880  the  company  again  took  up  actively  the  question  of  metal  track, 
and  at  that  time  Mr.  Post  was  directed  to  investigate  the  results  of 
trials  made  by  other  companies.  Acting  upon  his  report  the  company 
decided  to  select  the  type  of  tie  which  seemed  the  best  adapted  for 
the  purpose,  to  place  it  in  the  track,  and  to  observe  it  carefully  5  also, 
to  lay  a  section  of  track  on  wooden  ties,  in  continuation  of  the  track 
on  metal  ties,  and  under  the  same  condition  of  line  and  traffic.  It  was 
further  resolved  that  the  following  year  a  second  type  of  metal  ties 
should  be  selected,  profiting  by  the  experience  of  other  countries,  and 
endeavoring  to  avoid  any  defects  observed  in  the  first  type,  in  order  to 
be  able  to  form  opinions  as  to  the  comparative  merits  of  the  different 
types.  In  1886  the  company  had,  besides  the  types  of  composite  (iron 
and  wood)  ties  of  Cosijns  and  Eenson,  six  types  of  metal  ties  and  three 
types  of  fastenings.  While  continually  improving  the  ties,  it  was  de- 
cided in  1884  to  adopt  the  latest  types,  as  improved  hj  Mr.  Post.  This 
track  consisted  of  steel  cross-ties  of  varying  section,  weighing  110  to 
121  pounds,  with  bolts  0.88  inch  diameter,  having  eccentric  necks,  steel 
clamps  for  the  rails,  and  plain  Yerona  nut  locks. 

The  trials  were  all  made  on  the  Liege  and  Luxembourg  line.  The 
several  types  of  ties  were  as  follows ;     (See  plate  No.  8.) 

(0)  Oak  ties  of  half-round  section,  8.53  feet  long,  4  inches  wide  ou  top,  11  2  inches 
on  the  bottom,  5  inches  deep.     There  were  1,120  laid  in  1881. 

(1)  Eolled  iron  ties  of  inverted  trough  section  ('' Vautherin  *'  type),  weighing  88 
pounds  each  ;  7.71  feet  long,  9.4  inches  wide  at  bottom  ;  they  were  bent  np  at  the 
end  at  an  inclination  of  1  in  20,  and  the  extremities  were  closed.  In  1881  there  were 
4,133  of  these  laid. 

(II)  Rolled  iron  ties  of  similar  section,  weighing  104  pounds  each;  8.20  feet  long, 
8.8  inches  wide  at  bottom  over  the  flanges  ;  the  ends  were  inclined  at  the  rail  seats 
and  then  curved  down ;  the  extremities  were  closed  by  angle-irons  and  two  pieces 
of  angle-iron  were  riveted  inside  at  the  middle  20  inches  apart.  In  1882  4,001  of 
these  were  laid. 

(III)  Mild  steel  ties  of  inverted  channel  section,  with  wide  horizontal  flanges  at  the 
bottom  (Haarmann  type) ;  they  were  of  the  form  used  on  the  Prussian  State  rail- 
ways and  weighed  110  pounds  each;  8.20  feet  long,  10  inches  wide  over  the  flanges, 
and  of  similar  longitudinal  section  to  No.  2.     In  1883  2,089  of  these  were  laid. 

(IV)  Mild  steel  ties  similar  to  No.  3,  also  as  used  on  the  Prussian  State  railways, 
but  weighing  114.4  pounds  each.  At  the  middle,  and  placed  16  inches  apart,  were 
two  riveted  pieces  of  Z-ircn.     In  1883  2,090  of  these  were  xaid. 
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(V)  Mild  steel  ties  of  iuverted  trough  sectiou  ("  Vautberin"  type),  8.53  feet  loDg, 
8.8  inches  wide  at  the  bottom,  weighing  95.5  pounds.  The  tie  was  horizontal,  but 
at  the  rail  seats  for  a  distance  of  10  inches  the  metal  was  pressed  up  cold  to  the  de- 
sired inclination  and  at  the  end  of  the  rail  seat  the  metal  sloped  back  to  the  normal 
level  of  the  tie  (Hoesch-Lichthammer  method).     In  1884  11,680  of  these  were  laid. 

(VI)  Mild  steel  ties  of  inverted  trough  section,  but  of  polygonal  instead  of  pyram- 
idal section  ("  Post"  type).  They  were  rolled  with  varying  section  and  thickness 
and  an  inclination  of  the  rail  seats.  The  bottom  was  horizontal,  witli  the  closed  ends 
projecting  below  it.  They  were  8.36  feet  to  8.7  feet  long,  9  inches  wide  at  the  bot- 
tom, 3.3  inches  deep  ;  110  pounds  weight,  or  121  pounds  for  curves,  grades,  etc.  The 
price  in  May,  1886,  was  $-21.2  per  2,200  pounds  at  the  works.  All  the  ties,  whether  for 
tangents  or  curves,  had  the  four  holes  drilled  in  identically  the  same  places.  In 
1884  and  1885  47,338  of  these  ties  were  laid,  and  50,000  in  1886. 

The  fastenings  were  as  follows :  (See  plate  ISTo.  8.) 

(A)  Iron  bolts,  .76  inch  diameter,  with  eccentric  necks,  giving  .08  inch  to  .56  inch 
adjustment  of  gauge.  Iron  clamps  and  Verona  nut  locks  were  used.  These  were 
used  in  1881,  1883,  and  1884  for  types  of  ties  I,  III,  IV,  and  V. 

(B)  Steel  bolts  of  Ibbotson's  type,  having  J_-heads.  A  square  washer  received  the 
thrust  of  the  rail  flange  aud  gave  an  adjustment  of  gauge  of  .08  inch  to  .64  inch  ;  the 
rail  clamp  was  of  channel  shape,  one  leg  resting  on  the  rail  flange,  and  the  other  on 
the  tie,  outside  of  the  gauge  plate.  This  is  the  Koth  and  Schuler  system  and  was 
used  in  1882  for  ties  of  type  No.  II. 

(C)  Steel  bolts  .88  inch  diameter,  with  eccentric  necks,  giving  an  adjustment  of 
gauge  of  .32  inch  to  .64  inch.  The  steel  rail  clamps  had  the  upper  surface  roughened 
to  give  a  grip  to  the  Verona  nut  lock.  A  few  bolts  of  special  dimensions  were  used 
at  the  extremities  of  curves.  These  were  laid  in  1884,  1885,  and  1886  with  ties  of 
type  No.  VI. 

During  1886  and  1887  three  more  types  of  ties  were  designed  by  Mr. 
Post,  as  follows :  (See  plate  No.  8.) 

(VII)  This  type  was  in  general  similar  to  No.  VI  but  was  narrower  and  deeper  at 
the  middle  than  at  the  ends,  the  bottom  swelling  downward  and  the  sides  at  the  mid- 
dle flaring  inward  so  that  the  bottom  edges  nearly  met.  It  is  more  easily  laid  in  the 
ballast,  but  is  more  difficult  to  manufacture. 

(VIII)  This  is  similar  to  No.  VII,  but  at  the  narrow  part  the  sides  flare  outward 
inA-shape;  bottom  width  9.4  inches  at  ends  and  5.4  inches  at  the  middle.  Types 
VIII  and  IX  are  easy  to  manufacture.  The  object  of  narrowing  the  tie  at  the  middle 
is  to  throw  the  principal  bearing  at  the  rail  seat  to  insure  the  stability  of  the  track  ; 
it  also  increases  the  rigidity  of  the  tie. 

(IX)  This  is  similar  to  No.  VIII  but  has  the  bottom  horizontal,  the  increased  depth 
at  the  middle  being  obtained  by  curving  up  the  top  table. 

At  the  end  of  1886  there  were  134,000  metal  ties  in  service,  the 
weight,  date,  class,  etc.,  of  which  are  given  in  a  table,  which  will  be 
found  a  few  pages  further  on,  in  the  company's  report  to  the  Eailway 
Congress  of  1887. 

Of  124,000  ties  laid  since  1880,  not  one  had  to  be  removed.  The 
ties  of  types  Nos.  VI  to  IX,  being  of  varying  section  and  thickness,  cor- 
responded to  weights  of  126.50  and  139.15  pounds  of  ties  of  uuiform 
thickness,  an  economy  of  15  percent.  In  the  Dutch  contracts,  official 
account  is  taken  of  this  difference  in  weight  to  compare  the  behavior  of 
ties  of  varying  section  with  that  of  ties  of  uniform  section  ;  it  is  the 
price  per  tie,  with  an  equal  section  under  the  flange  of  the  rail,  which 
guides  in  the  selection.     The  price  paid  by  the  company  previous  to 
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1887  for  steel  ties  of  varying  section,  not  narrowed  at  the  middle  and 
not  tarred,  was  about  $20  per  2,200  pounds  at  the  works.  The  price 
per  tie  was  about  $1.10  to  $1.20. 

The  following  table  gives  the  results  of  these  trials,  showing  cost  of 
maintenance;  the  prices  do  not  include  first  cost.  Twelve  of  the  sec- 
tions are  in  rough  country,  with  a  traffic  of  twenty  five  or  more  trains 
per  day;  the  other  nine  sections  are  in  flat  country,  with  fourteen  trains 
per  day.  All  are  single  track.  The  varying  conditions  of  grades  and 
curves  appear  to  have  no  particular  efi'ect  upon  the  cost  of  maintenance, 
but  the  cost  is  afiected  materially  by  the  amount  of  traffic,  being  much 
higher  on  the  divisions  with  twenty-five  trains  than  on  those  with  four- 
teen trains.  Respiking  on  the  trial  divisions  laid  with  wooden  ties  was 
carried  on  in  1886  and  1887,  so  that  the  cost  would  not  be  less  for  1887, 
and  it  would  tend  to  increase  with  the  age  of  the  wood,  ^one  of  the 
oak  ties  had  needed  renewing,  but  it  soon  became  necessary,  and  this 
work,  apart  from  the  cost  of  new  material,  increased  the  maintenance 
expenses  considerably.  On  the  other  hand,  these  expenses  with  metal 
track  were  generally  highest  during  the  first  year  of  service,  gradually 
diminishing  thereafter. 

Cost  of  maintenance  on  trial  trades  with  wooden  and  of  metal  ties,  Netherlands  State  Bailuay      I 

Company.  j 


Section  of  line. 


Liege-Tongres 

...  do 

Bilsen-Hasselt 

Liege-ToDgres 

Liei-s-Flemalle.. .. 
Tongres-Bilsen  . .. 

Bilsen-Hasselt 

Liege-Tougres 

..-.do 


.do. 
.do. 
.do. 
-do. 


Hasselt-Wychmael. 
Wychmael-Achel  . . 
Hasselt-Wychmael . 

..  do : 

..  do 

Achel-EindhoTen  . . 

...do 

...do 


...do 

...do 

...do 


From— 


To- 


S  00 
o  © 


3 

Kil  07)1 
15.620 

16.  660 

41. 093 

7.946 

1.831 

2.5.031 

43.  625 

3.790 

12.  787 

^      4. 00 

)      3. 640 

12.528 

5      4.412 

i      4. 755 

8.000 

22. 238 

32.  673 

8.408 

1.  562 

1.218 

47.  334 

47.  795 

46. 868 

52.  709 


4       ' 

Kilom.    I 
14.612 

15.620: 


Types. 


Ties. 


40. 170 

7.432     16.0 

1.393  level. 
24.  570.  8.  0 
43.  349 

3.640 
12.  528 

3.790 


12.0  500 

^''•")  straight. 

1.2    straight. 

1,  000 

1,  O'JO 

straight. 

straight. 

350 


4  0 
16.0 
13.0 


.0 


2.836  5 
12.315,     13.0 
4.302  ^ 
4.748 
9.  000     16.  0 


21. 130 

31.940 

7.301 

1.218 

0.765 

47.  795 

48.  256 
47.  334 

52.  032 


2 

3.4 
3.9 
6.5 
6.5 
0.8 
level. 
0.8 

1.0 


57.  342.50i5G.425.9  [      1. 
57.425.95:57.509.101      1. 


500 
350 
500 
530 
1,000 

straight. 

straight. 

straight. 

500 

500 

2,000 

straight. 

straight. 

5        2, 000 

^straiglit. 

2,  000 

2,  000 


I.OO81 

1.046; 

0.  023 
0.514' 
0.  438i 
0.461' 
0.  2761 
0.  150l 

0.  259 1 

1.  016 
0.213 
0.117 
1.000 


1,120 
1,133' 

1,  000  i 

600! 

500i 
500 
•  300 
201 
300 


Oak. 

I. 

I. 
II. 
II. 
II. 
II. 
II. 
II. 


1,328   III.  IV. 

250j        IV. 

200j        VI. 
1,0811        VI. 


1.108!  1,200 


0.  733 

1.107!  1, 

0.344 

0.453 

0.461 

0.461 

0.460 

^   0.677 

0.053.40 
0.  083.  15 


I. 
I. 
11. 
II. 
III.  IV. 
III. 
IV. 
V. 

VI 

vni. 

IX. 


Fasten- 
ings. 


JO 

Spikes. 

A. 

A. 
B. 
B. 
B. 
B. 
B. 
B. 

A. 

A. 

C. 

c. 

A. 
A. 
B. 
B. 
A. 
A. 
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CohI  of  muinUiiaucc  on  tridi  tidak.s  icilh  icoodiit  idhI  of  iiutul  /ic.s,  < /c— Coiitiiiiied. 


When 
l..id. 

11 

1881 
1881 
1881 
1882 
1882 
1882 
1882 
1883 
1883 
1883 
1883 
1885 
1887 

1881 
1881 
1882 
1883 
1883 
1883 
1881 
18&4 
18B.-.    '8fi 

t'6 

,=>  a 
o  o 

a  5 

—  o 

|| 

i« 

Julv    1,  1881 

...do. 

Sept.    1,1881 
Jan.      1,  1882 

.-do 

..-.do 

...do 

Oct.     1, 1882 

-..do 

....do 

do 

Apr.    1.1885 
June  1,1887 

June  15.1881 
Sept.  1,  1881 
Jan.  1,  1882 
Sept.  15,  1883 

do 

Mar.  1,1<:84 
.-..do  

...do 

Juno  1,1886 
Sept.    1,1887 

.-  do 

Days  ill  service. 

Cost  of  niainteuauce  in  francs  per  kilometer  per  day. 

I 

s 

s 
a 

1887. 

1881. 

15 

0.159 
1.128 
1,930 

1882. 

1883. 

1884. 

1885. 

19 

0.  4s;3 

0.  ()8(i 
0.1)01 
0. 6  ;!- 

1.160 

1.  253 
0.  953 
1.974 
0.  465 
1.792 
1.111 
0.036 

1886. 

1887. 

ml 

1 

*3 
6 

8 

13 

1 

2.375 
2,  375 
2,  313 
1,  826 
1,826 
1,  826 
1,  826 
1,553 
1,  5.53 
1,  553 
1,  C53 
1,  005 
214 

2,390 

2,313 

1,826 

1,569 

1,  569 

1,401 

1,401 

1,401 

579 

122 

122 

14 

365 
36.5 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
214 

365 
365 
365 
365 
365 
:165 
365 
365 
365 
122 
122 

16 

0.217 
0.423 
0.829 

ly 

1.226 
0.  576 
1.884 
1.214 

1  582 
1.676 
1.687 
0 
0 
0 
0 

IS 

0.396 
0.195 
0.  256 
0.  489 
0.  277 
0.  533 
0.861 
1.084 
0.891 
1.617 
1.132 

1.  101 
0.  538 
0.  383 
1.112 
U.  494 
0  118 
0.278 
1.187 
0.264 
0.  807 
0.498 
0.078 

31 

0. 423 
0.842 
1.135 
0.  552 

0.  .573 
0.046 
0.625 
1.660 
0.746 
1.610 

1.  000 
0.983 

0 

0.297 
0.  227 
0.  595 
0.  583 
0.429 
0.  802 
0.651 
0.492 
0. 2.52 
0 
0 

0.605 
0.650 
0.  9o2 

0.8ul 
0.817 
0  725 

*() 

0  881 

11 
12 

M 

1.389 
0.557 
1  392 

17 
21 

O) 

0.879 

0.495 

0 

*5 

10 

06. 635 
1.584 

0.  .595 
1.027 

0.614 

0.790 

1.077 

0 

0 

0.198 
0.  326 
0.475 
0.  433 
0.  246 
0.311 
0.299 
0.551 

0.156 
0.  536 
0.329 
0.438 
0.  412 
0.143 
0.  372 
0.897 

0.418 
0.569 
0.503 
0.  879 
0.258 
0.  329 
0.  533 
0.277 
0.  144 

0.  407 
0.632 
0  596 

13 
15 
16 
18 
19 

0.  543 
0.  313 
0.  421 
0.471 
0.554 

20 

0  212 

231     1887 

0 

24      1887 

0 

1 

*Ararshy  ground. 

Remarks.— These  trial-lengths  are  on  single-track  road.  First  group,  25  to  29  trains  per  day;  sec- 
ond group,  14  trains  per  day.  Rails,  76.  45  pounds  per  yard  ;  steel  angle  splice  bars.  Ballast— gravel, 
fi.iud,  and  ciudei'.  Heaviest  engine  on  these  lines  .50  tons,  with  13^  tons  on  the  heaviest  axle  ;  heaviest 
engine  on  other  lines,  68  tons  with  13  9  tons  on  the  heaviest  axle.  Speed  np  to  .50  miles  per  hour  (on 
some  parts  60  miles  per  hour).  A.  day's  maintenance  per  man  costsi  2.19  francs  :  the  results  of  columns 
15  to  22  may  be  transformed  into  days  by  dividing  by  2.19.  The  figures  in  columns  15  to  22  give  the 
expeuse  for  work  of  maintenance,  not  the  expense  for  purchase  of  new  spikes,  bolts,  washers,  etc. 
Not  one  of  the  metal  ties  in  this  table,  nor  of  the  124,000  steel  ties  in  use  on  other  lines  of  the  Nether- 
lands State  liailway  Company,  has  broken  in  the  track. 

Mr.  Kensou,  engineer  of  the  Liege  aud  Luxembourg  division,  has 
stated  that  the  actual  cost  of  maintenance  per  kilometer  for  track  on 
metal  ties,  after  three  and  a  half  years'  service,  was  equal  to  that  for  oak 
ties  of  the  same  age;  the  cost  of  the  latter  would,  however,  go  on  in- 
creasing until  renewals  became  necessary,  as  they  would  ere  long,  while 
the  cost  for  metal  ties  would  diminish,  owing  to  the  settling  together  of 
the  pieces.  The  ties  of  type  No.  I  tended  to  shift,  and  after  some  mouths 
of  service  a  number  of  bolts  worked  loose  in  a  very  short  time.  The 
shifting  of  the  ties  was  prevented  by  tilling  in  the  ballast  on  the  outside 
of  the  track  to  the  level  of  the  rail  heads.  The  use  of  steel  nut-locks 
prevented  the  loosening  of  the  bolts,  so  that  only  one  inspection  and 
tightening  per  year  was  needed.  Experience  with  some  nut-locks  of 
poor  quality  led  Mr.  Post  to  the  opinion  that  such  were  worse  than 
lion  3  at  all;  he  prefers  the  nut-locks  with  one  spiral  turn  to  those  with 
two  turns,  the  latter  giving  less  pressure  and  not  retaining  their  spring. 
Tiie  labor  of  maintenance  was  about  .35  day's  work  per  day-kilometer; 
the  labor  on  long  sections  of  line  with  uniform  types  of  ties  was  even 
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less.  The  maintenance  includes  lining,  raising,  tamping,  trimming,  in- 
spection of  nuts,  etc.  The  cost  of  renewals  was  nil,  not  one  tie  having 
been  broken.  A  gang  of  four  men,  working  two  hundred  and  fifty  days 
per  year,  can  maintain  4.96  miles  of  metal  track  in  good  condition. 
Heavier  ties  are  used  on  curves,  owing  to  the  greater  wear  caused  by 
the  thrust  of  the  rail-flange.  In  order  to  test  the  comi)arative  merits 
of  the  rail  fastenings  used  with  metal  and  with  wooden  ties,  an  experi- 
ment was  made  in  1885  by  placing  wooden  packing  pieces  under  rails 
on  both  forms  of  ties;  after  four  months'  service  it  was  found  that 
those  on  the  metal  ties  were  simpl^^  compressed,  while  those  on  the 
wooden  ties  were  crushed  and  bruised,  showing  evidence  of  a  hammer 
action  of  the  rail,  due  to  the  inefficient  holding  of  the  spikes. 

The  standard  tie  of  the  Post  type  is  8.36  to  8.7  feet  long ;  at  the 
middle  it  is  of  A  section,  4.48  inches  deep,  top  radius  1  inch,  4^  inches 
wide  inside  at  the  bottom  and  5.4  inches  wide  over  all  at  the  bottom  ; 
the  sides  slope  about  1  to  3  j  average  thi<ikness  .24  inch.  At  the  rail- 
seat  the  section  is  polygonal,  4.4  inches  wide  on  top,  10.20  inches  wide 
over  all  at  the  bottom,  2.98  to  3.02  inches  deep  ;  thickness  of  sides  froai 
.24  and  .28  inch  at  lower  part  to  .32  to  36  inch  at  upper  part ;  thickness 
of  top  table  .36  to  .40  inch,  and  .48  to  .52  inch  at  the  middle,  the  thick- 
ness being  increased  at  the  bolt  holes.  At  the  extremities  of  the  rail 
seats,  the  section  is  of  rounded  trough  form,  4.96  inches  wide  on  top, 
9.4  inches  wide  over  all  at  bottom,  2.56  to  2.60  inches  deep,  1.  .0  to  1.52 
inches  radius  of  top  corners ;  thickness  from  .24  and  .28-inch  at  sides 
to  .32  and  .35  at  middle  of  top  table.  The  top  table  is  sloped  up  at  the 
rail  seats  to  give  the  rails  an  inward  inclination;  it  slopes  down  again 
to  the  horizontal  and  is  bent  down  to  close  the  end,  projecting  below 
the  body  of  the  tie.  On  the  bottom  edges  are  ribs  of  triangular  section 
about  .60  or  .72  inch  deep,  and  projecting  .52  inch  beyond  the  face  of 
the  side  of  the  tie ;  these  ribs  prevent  damage  to  the  edge  in  tamping, 
and  by  lowering  the  neutral  axis  give  additional  stiffness,  while  they 
also  make  the  section  easier  to  roll.  The  bolt  holes  are  .92  by  1.24  inches, 
oblong,  with  rounded  corners.  The  weight  of  the  tie  is  about  117.7 
pounds.  The  rail  clamps  are  2.4  by  2.6  inches,  with  a  .96  inch  bolt  hole  j 
one  end  of  the  damp  rests  on  the  rail  flange  and  the  other  end  on  the 
tie;  the  greatest  thickness  is  .96  inch  ;  the  top  is  toothed.  The  plaiu 
Verona  nut  locks  are  of  .24  by  .24  inch  square  section,  .47  to  .51  inch 
wide  over  the  spiral,  and  .94  to  1.01  inch  inside  diameter;  the  grooved 
Verona  nut  locks  are  of  .26  by  .26  grooved  section,  .51  to  .58  inch  wide. 
The  bolts  are  .88  inch  diameter,  with  Whitworth  thread;  they  are  3.08 
inches  long  under  the  head  ;  the  head  is  1.52  by  1.84  inches  in  size  and 
.56  inch  thick  ;  the  eccentric  neck  under  the  head  is  .88  by  1.20  inches, 
oblong,  with  rounded  corners.  The  nuts  are  of  hexagon  shape,  1.08 
inches  deep,  with  the  lower  face  toothed.  Two  forms  of  bolts  are  used, 
type  "A"  being  for  three  different  adjustments  of  gauge,  and  type  "B" 
for  the  points  of  change  from  one  of  these  variations  to  another,  as  at 
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the  extremities  of  sharp  curves.  For  the  convenience  of  the  trackmen, 
the  type  "A"  bolts  have  a  piece  chipi)e(l  otf  the  ed^e  of  the  end,  while 
those  of  type  "  1> ''  have  a  larger  i)iece  cut  oti'aud  have  also  a  groove 
cut  across  the  end  ;  these  marks  not  only  serve  to  distinguish  the  two 
classes  of  bolts,  but  by  their  position  enable  the  trackmen  and  in- 
spectors to  see  at  once  the  gauge  to  which  the  rails  are  set.  Tlie  "  A" 
bolts  have  the  eccentric  neck  projecting  on  one  side  only  of  the  shank, 
the  neck  being  .88  by  1.20  inches,  giving  a  projection  of  .32  inch ;  the 
"B''  bolts  have  the  neck  the  same  size  but  projecting  .24-inch  on  one 
side  of  the  shank  and  .8  inch  on  the  other.  The  weight  of  the  bolt  nut 
is  about  1.1  pounds. 

The  weights  of  the  track  are  as  follows: 

Material  for  29.54 /ee<  of  track. 

Pounds. 

2  rails  '29.52  feet  loug,  68  pounds  jier  yard 1,334.  52 

2  pair  splice  bars,  46.2  pouuds  per  pair 92.  40 

8  splice  bolts,  with  uiits  and  washers,  1.65  pounds  each 13.20 

40  rail  clamps,  .^^8  pound  each 35.20 

40  fastening  bolts,  with  nuts  and  washers,  1.1  pouuds  each 44.00 

10  steel  ties,  117.  7  pounds  each 1, 177.  00 

Total 2,696.32 

Weight  per  yard 273.  87 

Material  for  39.38/ee^  of  track. 

2  rails,  39.36  feet  long,  76.45  pounds  per  yard 2, 006.  40 

2  outer  splice  bars,  25.08  pounds  per  pair 50. 16 

2  inner  splice  bars,  25.96  pounds  per  pair 51.  92 

8  splice  bolts,  with  nuts  and  washers,  1.32  pounds  each 10.  56 

52  rail  clamps,  .88  pound  each 45.  76 

52  fastening  bolts,  with  nuts  and  washers,  1.1  pounds  each 57.  20 

13  steel  ties,  117.7  pounds  each 1,  530. 10 

Total 3,752.10 

Weight  per  yard  285.  75 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France)  in 
1885,  spoke  very  highly  of  the  Post  ties,  and  stated  that  the  weeds 
growing  in  the  ballast  at  certain  points  were  evidently  from  the  pre- 
ceding year  (his  inspection  was  made  in  April,  1884)  and  proved  that 
frequent  ballasting  was  not  necessary.  He  did  not  approve  of  the  re- 
duction of  the  thickness  of  parts  of  the  tie  in  order  not  to  exceed  a 
weight  of  110  pounds,  and  he  preferred  to  the  bolts  with  eccentric  necks, 
used  for  fastenings,  the  liuppel  clami)  fastening  or  the  Heiudl  clamp, 
■which  is  a  modification  of  the  former  (see  "  Germany,"  Prussian  State 
Eailways;  and  '^Austria,"  State  Railways).  Since  the  date  of  Mr. 
Bricka's  report,  the  weight  of  the  tie  has  been  increased  as  noted  ;  and 
it  will  be  noticed  later  on  that  Mr.  Post  has  now,  in  his  latest  type 
of  tie,  abandoned  the  eccentric  neck  bolts  and  adopted  the  Roth- 
Schuler  system  of  fastening,  type  "B"  (See  plate  No.  9);  he  still,  how 
ever,  allows  the  bolt  to  resist  the  lateral  pressure,  instead  of  transfer- 
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ring  some  of  it  to  the  tie  by  usiug  a  clamp  with  a  lug  fitting  into  a  hole 
in  the  tie,  which  is  the  feature  which  Mr.  Bricka  considers  to  be  advisa- 
ble.    The  report  gives  the  following  statement  of  the  track  in  1884 : 

Miles. 

Main  liue 851.  88 

Total  track 1,  286.  50 

Wooden  ties 1,267.28 

Metal  ties 14.88 

Stone,  etc 4.  34 

The  report  made  to  me  in  March,  1888,  by  Mr.  Kalff,  chief  engineer, 
gave  the  following  particulars  : 

The  system  comprised  910  miles  of  liue,  of  which  91  miles  were  laid  M-ith  metal 
ties.  The  traffic  consisted  of  passenger  and  freight  trains,  the  speeds  ranging  from 
20  to  47  miles  per  hour  ;  the  engines  weigh  from  50  to  68  tons  in  working  order,  with 
a  maxinnim  of  7  tons  on  each  driving  wheel.  The  "Post"  ties  are  of  mild  steel, 
(Thomas,  Martin,  or  Bessemer) ;  they  are  spaced  3  feet  2  inches  apart  at  the  widest 
spacing,  and  at  the  suspended  joints  they  are  1  foot  5  inches  apart,  so  that  the  ends 
of  the  fish-plates  butt  against  the  rail  clamps  and  prevent  creeping.  The  ties  are 
not  tarred  or  otherwise  treated.  They  are  manufactured  by  theHoerde  Steel  Works, 
Hoerde,  Germany,  and  the  Angleur  Steel  Works,  Angleur,  Belgium.  They  cost  §22 
per  ton.  at  the  works,  not  tarred,  and  the  fastenings  cost  22  cents  X)er  tie.  The  maxi- 
mum adjustment  of  the  gauge  is  a  widening  of  five-eighths  inch.  Of  the  10,000  ties 
(•''Cosijus"  type)  laid  in  1865,  9,550  were  still  in  use  and  were  expected  to  last  twenty 
years  more.  The  ballast  is  of  gravel,  sand,  and  ashes  ;  it  fills  the  hollow  of  the  tie 
and  makes  a  compact  mass.  The  width  of  road-bed  at  subgrade  is  32  feet  9|  inches ; 
it  is  crowned  7^  inches,  so  that  the  ballast  is  17  {i  inches  thick  in  the  middle  and 
27^  inches  thick  at  the  sides ;  the  ballast  is  brought  up  level  with  the  top  of  the  rails, 
the  rail  being  left  clear  on  both  sides,  and  has  side  slopes  of  2^  to  1.  The  ties  were 
adopted  on  account  of  durability,  economy,  and  security;  the  results,  have  been  satis- 
factory, and  there  has  been  no  trouble  with  maintenance,  rail  attachments,  or  from 
breakages ;  of  162,634  ties  laid,  not  one  had  been  broken.  The  use  of  the  "  Post "  tie 
was  being  extended  on  the  line.  The  climate  is  damp,  but  the  loss  of  weight  by  rust 
is  only  about  4  per  cent,  in  twenty  years.  The  oak  ties  cost  $1  each.  The  minimum 
radius  of  curves  where  these  trials  were  made  is  1,148  feet;  maximum  grade  1.6  jier 
cent. 

The  track  of  this  railway  consists  of  steel  flanged  rails,  weighing  68,  76.45,  and  80.5 
pounds  per  yard  ;  the  latter  are  5.55  inches  high,  with  a  flange  4.08  inches  wide  ;  the 
head  is  deep,  with  vertical  sides,  2.4  inches  wide,  8  inches  radius  of  top  table,  .56 
inch  radius  of  top  corners.  The  joints  are  spliced  with  angle  bars  having  short 
flanges,  and  the  outer  bar,  with  the  heaviest  section  of  rail,  projects  up  the  side  of  the 
rail  head.  The  bars  are  30.4  inches  long ;  the  inner  holes  are  spaced  4  inches  and  the 
outer  holes  7.8  inches  apart,  center  to  center;  the  holes  in  the  outer  bar  are  1.12 
inches  square,  with  rounded  corners,  those  in  the  inner  bar  are  1.08  inches  diameter. 
The  joint  bolts  are  of  steel,  1  inch  diameter,  4.24  inches  long  under  the  head.  With 
wooden  ties,  spikes  .56  by  .64  inch  section,  and  6.48  or  5.8  inches  long  are  used.  At  jj 
the  joint  ties  the  rail  rests  on  a  grooved  iron  tie-plate,  7.2  inches  square,  with  4  spike 
holes ;  the  spikes  engage  with  notches  in  the  angle  bars.  The  wooden  ties  are 
spaced  22  inches  apart,  center  to  center,  at  the  joints,  and  27.12  to  39.2  inches  apart 
intermediate,  there  being  10,  11,  or  12  ties  to  a  rail  length  of  29.52  feet.  A  space  of 
about  .28  inch  is  left  between  the  ends  of  the  rails.  The  steel  ties  are  spaced  with  10,  I 
11,  or  12  to  a  rail  length  of  29.52  feet;  they  are  about  18.08  inches  apart,  center  to 
center,  at  the  joints,  and  28.68  to  39.2  inches  apart  intermediate.  With  rails  39.36 
feet  long,  13  ties  are  used  ;  they  are  spaced  24.08  inches  at  the  joints,  34.76  inches 
next  to  the  joints,  and  33.64  inches  intermediate.  Splice  bars  30.4  inches  long  are 
used;  with  notches  in  the  flanges  to  admit  the  rail  clamps. 
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The  latest  t^'pe  of  "  Post"  tie,  as  inoditied  in  18S0  (See  plate  No.  0), 
presents  some  ehangjes  from  the  previous  type  which  had  been  most 
vxteusivel^'  used.  The  bolt  holes  are  circular  instead  of  oblon<4,  and  the 
extra  thickness  of  metal  at  the  hole  is  given  a  channel  form  to  lit  the 
heads  of  the  bolts  aud  prevent  them  from  turning.  The  method  of  fast- 
ening is  also  different,  being  a  return  to  type  "  B,"  already  described, 
being  the  Koth-aud-Schuler  system. 

A  square  gauge-washer  is  used,  with  the  bolt  hole  .92  inch  diameter, 
so  placed  as  to  be  .24,  .32,  .48,  aud  .5G-inch  frofn  the  sides,  thus  permit- 
ting a  very  close  adjustment  of  gauge  according  to  the  position  of  one, 
two,  three,  or  four  of  the  washers  on  each  tie.  The  rail  flange  butts 
against  this  washer.  The  clamp  is  of  channel  form,  one  side  resting  on 
the  rail  flange  and  the  other  on  the  top  of  the  tie,  and  prevents  the 
clamp  from  turning.  A  grooved  Verona  nut-lock  is  used  between  the 
uut  and  clamp.  The  washer  is  1.72  inches  square  and  .56  inch  thick. 
The  clamp  is  3.16  by  2.48  inches,  .56  inch  thick,  and  1.24  inches  deep 
over  all ;  its  hole  is  1  by  1.32  inch  oval.  The  bolt  is  .88  inch  diameter 
y  in  a  .92-incli  hole  in  the  tiej  it  is  3.52  inches  long  under  the  head,  with 
Whitworth  thread  ;  the  head  is  1.52  inches  square,  .56  inch  thick.  The 
tie  is  8.36  to  8.7  feet  loug.  At  the  outer  part  of  the  rail  seat  it  is  3.78 
inches  wide  on  top,  9.4  inches  wide  on  the  bottom,  3.28  to  3.32  inches 
deep,  .24  to  .36  inch  thick  at  sides,  .36  to  .40  inch  on  top,  .48  to  .52  incli 
at  middle  of  top  table.  At  the  rail  seat  it  is  4.08  inches  wide  on  top, 
2.98  to  3  inches  deep,  in  other  respects  of  similar  dimensions  as  above. 
At  the  inner  side  of  the  rail  seat  it  is  5.04  inches  wide  on  top,  2.56  to 
2.60  inches  deep,  in  other  respects  as  above.  At  the  intermediate  parts 
and  at  the  ends  it  is  the  same  width  and  depth,  .24  and  .28  inch  thick 
at  the  sides  and  on  top.  The  cross  section  is  polygonal,  each  side  hav- 
ing two  planes,  and  the  angles  are  rounded  off  by  curves  of  1.12  to  1.52 
inches  radius.  At  the  middle  the  section  is  narrow  and  deep,  either  the 
top  or  bottom  of  the  tie  being  horizontal;  the  section  here  is  A-shaped 
with  the  top  bent  to  a  radius  of  1  inch,  and  the  sides  sloping  at  an  in- 
clination of  1  to  3;  the  depth  is  4.6  inches,  width  at  bottom  about  5 
inches,  and  the  thickness  of  the  sides  .24  inch.  The  sides  of  the  channel 
in  which  the  bolt  heads  fit  are  .24  inch  deep.  A  heavy  rib  of  triangular 
section  is  on  the  lower  edges  of  the  sides. 

Report  of  the  International  Railway  Congress^  1887. — The  following 
is  a  translation  of  the  report  presented  by  this  comi^any  at  the  Interna- 
tional Railway  Congress,  held  at  Milan,  Italy,  in  1887  : 

The  experience  with  the  10,000  "  Cosijus  "  cross-ties,  laid  iu  1865,  has  brought  out 
four  facts:  (1)  There  is  no  fear  of  rust ;  after  twenty-two  years'  service  the  weight 
has  only  diminished  4  per  cent.  The  ballast  is  of  gravel  and  sand  ;  on  other  lines  it 
has  been  observed  that  ordinary  ashes  do  not  corrode  the  iron  to  a  greater  extent. 
(2)  While  in  general  the  interposition  of  plates  between  the  rail  and  the  tie  may  not 
be  desirable,  as  by  such  interposition  the  bolt  permits  a  transverse  motion  of  the  rail 
on  the  tie,  the  gauge  is  fairly  well  maintained.  (3)  The  bolt  gives  good  results  as  a 
fastening  of  the  rail  to  the  tie  ;  while  the  iron  of  the  bolts  was  only  ,68  inch  thick, 
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there  were  still  a  number  of  bolts  in  use  after  tweutj'-two  years' service.  (4)  A  good 
tie  lasts  for  a  long  time.  After  twenty-two  years'  service  on  the  line  between  De- 
venter  and  Zwolle,  with  an  average  traffic  of  twelve  trains  per  day  (actually  sixteen 
trains  per  day),  there  are  in  service  and  in  good  condition  9,547  ties  (95^  per  cent.), 
and  there  is  no  reason  to  expect  that  they  will  not  last  twenty  years  more.  The  4^ 
per  cent,  taken  out  would  still  have  been  in  service  if  the  splicing  of  the  old  rails  had 
been  sufficient.  These  results  with  an  old  type  of  tie  j)romise  well  for  the  latter  types 
of  improved  ties.  The  metal  ties  taken  out  have  brought  seven  times  the  price  of 
old  wooden  ties. 

The  result  of  this  first  trial  encouraged  the  company  to  commence  in  1880  a  method- 
ical and  practical  study  of  the  question  of  metal  t?es,  and  it  now  presents  some  of 
the  results  of  this  work.  Information  was  acquired  as  to  the  results  obtained  abroad 
and  in  Holland  both  as  regards  the  track  and  the  manufacture.  In  order  to  keep 
within  the  limits  of  practice  and  economy  it  was  decided  that  the  first^cost  of  the  ties 
to  be  tried  should  not  exceed  25  or  50  per  cent,  above  that  of  oak  ties,  this  difference 
representing  the  general  valuation  of  the  former  over  the  latter.  Each  year  a  cer- 
tain number  of  ties  were  put  in  service,  and  it  was  the  endeavor  each  year,  in  si)ite 
of  the  favorable  impression  from  the  beginning,  to  improve  upon  the  tie  and  fasten- 
ing of  the  preceding  year,  avoiding  defects  observed  and  profiting  by  the  experience 
acquired,  by  the  experience  of  other  companies,  and  by  the  progress  etfected  in  man- 
ufacture. Of  each  of  the  types  in  service  special  observation  was  taken  of  the  main- 
tenance, noting  minutely  every  hour  of  work  and  keeping  record  of  each  piece 
(spikes,  bolts,  etc.)  broken  or  replaced.  As  a  base  of  comparison  a  new  track  was 
established  on  a  trial  section  of  line  with  good  oak  ties  (presenting  4  inches  wide  of 
heart  wood  under  the  flange  of  the  rail),  under  ordinary  conditions  of  operation  ;  this 
track  was  carefully  maintained  and  the  maintenance  expenses  noted  in  the  same  way 
as  with  the  experimental  sections  of  track  with  metal  ties.  Proceeding  in  this  way 
the  company  put  ties  in  service  as  follows  up  to  January  1,  1887  : 


Year. 


Number. 


Cliaracter. 


Weight 
(each). 


1865 

1881 

1882 

1883 

1883 

1884 

1884  to  1887 

Total 


*10,  000 
*4,  133 
*4,001 
12,  089 
12,  090 

til,  680 
tlOO,  000 


Cosiins 

Type  I     

Type  II  --...,. 

Type  III 

Type  IV 

TypeV    

Types  VI  to  IX 


134,  000 


Poioids. 
123.  64 
88 
103.  84 
110 
110 
95.  48 
ni0iol21 


*  Iron, 
t  Steel. 
{  Corresponding  to  126,5  to  139.15  pounds  of  uniform  section. 


None  of  the  1*24,000  ties  laid  since  1880  have  been  taken  out  of  the  track. 

The  results  of  the  observations  of  twenty-one  trials  made  up  to  January,  1887,  are 
presented  in  the  table.  [This  table  has  already  been  given,  as  extended  by  Mr.  Post 
later  to  include  the  year  1887. — E.  E.  R.  T.]  Columns  1  to  14  show  the  conditions  of 
the  track  and  traffic,  the  types  of  ties  and  fastenings  and  the  duration  of  the  ob- 
servation ;  columns  15  to  21  show  the  cost  of  maintenance  in  francs  per  day  and  per 
kilometer  ;  these  prices  do  not  include  the  first  cost,  but  the  labor  of  renewals.  The 
sections  are  grouped  in  two  parts.  The  first  group  includes  t  ivelve  sections  in  uneven 
country  (columns  5  and  6)  where  the  number  of  trains  per  day  is  twenty-five  or  more 
(column  1) ;  the  second  group  includes  nine  sections  in  flat  country,  with  only  four- 
teen trains  per  day.     A  record  of  thirty  years  of  observations  and  for  several  kilome- 
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ters  would  give,  it  is  true,  more  conclusive  figures,  but  while  awaiting  more  complete 
data  we  can  already  make  the  following  observations,  taking  into  account  the  facts 
observed  and  the  records  kept  of  the  trials  given  in  the  table. 

(1)  The  sections  Nos.  11  and  14  arc  on  a  curve  of  1,148  feet  radius  and  a  grade  of 
1()  millimeters  per  meter  (l.G  per  cent.)-  The  oak  ties  formerly  used  here  had  to  be 
respiked  every  year  owing  to  the  motion  of  the  rail  flange  which  cut  into  the  spikes 
.12  to  .16  inch  per  year.  Some  ties  of  Type  III,  with  attachments  **  A,"  however,  taken 
out  of  the  curve  for  the  inspector  after  1188  days  of  service  (1553  days  in  1887),  showed 
only  .08  inch  of  widening  of  gauge,  each  of  the  bolts  being  cut  into  .04  inch  by  the 
ilange  of  the  rail.  In  other  curves  of  larger  radius  than  1,148  feet  there  is  no  cutting 
of  the  bolts.  The  top  table  of  the  ties  of  Type  III  taken  out  of  this  curve  (mly  pre- 
sented a  very  slight  wear  and  the  bolt  holes  did  not  show  any  ovalisation  or  enlarge- 
ment. These  ties  are  of  steel;  iron  does  not  so  well  resist  the  wear  at  the  rail  seat  and 
bolt  holes.  In  view  of  the  very  unfavorable  circumstances  under  which  these  ties 
were  laid,  we  need  have  no  fear  as  to  these  two  kinds  of  wear,  but  at  the  same  time 
it  is  reasonable  to  put  thicker  ties  on  curves  and  to  space  them  closer  together.  The 
cost  of  maintenance  in  this  part  has  never  reached  2  francs  per  day  per  kilometer 
(64.5  cents  per  mile  per  day). 

(•2)  As  regards  the  work  of  mainteuauce,  sections  Nos.  3  and  9  are  under  equally 
unfavorable  conditions,  the  country  being  marshy. 

(3)  The  average  cost  of  maintenance  on  four  sections,  Nos.  2,  3,  4,  and  5,  which 
have  had  about  the  same  service  as  section  No.  1,  with  wooden  ties,  does  not  differ 
sensibly  from  the  cost  on  section  No.  1.  In  order  to  judge  of  the  importance  of  this 
result  it  is  necessary  to  bear  in  mind  the  following  particulars:  (a)  Type  I  of  the 
metal  cross-ties  is  used  on  these  four  sections  and  is  the  most  primitive  of  the  forms 
used,  each  of  the  other  types,  II  to  VI,  being  an  improvement  upon  the  preceding. 
It  may,  therefore,  be  supposed  that  any  of  the  other  types  would  have  given  still 
better  results,  (h)  The  adzing  and  re-spiking  of  the  wooden  ties,  which  commenced 
in  1886,  must  be  continued  in  1887,  so  that  the  maintenance  expenses  for  this  section 
will  be  as  high  as  in  1886,  and  it  may  be  presumed  that  it  will  increase  with  the  age 
of  the  wood,  (c)  The  maintenance  expenses  of  sections  Nos.  2  to  5,  however,  show  a 
tendency  to  decrease  with  the  consolidation  of  the  track,  (d)  Since  the  oak  ties 
were  laid  in  1881  not  one  lias  been  renewed,  which  proves  that  they  are  of  excellent 
quality  ;  renewals  must  soon  begin,  however,  and  will  add  considerably  each  year 
(apart  from  first  cost)  to  the  expenses  of  work  of  maintenance. 

(4)  The  average  maintenance  expenses  per  day  per  kilometer  of  sections  Nos.  6,  7, 
8,  12,  and  17  does  not  exceed  .89  franc,  and  that  of  sections  Nos.  10,  13, 15, 16,  18,  and 
19  is  about  .60  franc,  although  these  sections  only  date  from  1883  and  1884. 

(5)  The  observations  of  Type  VI  are  too  short  to  judge  of  its  value  by  the  mainte- 
nance expenses.  The  company  has  also  put  in  service  in  1886  and  1887  ties  of  Types 
VII,  VIII,  and  IX.     [Already  described.— E.  E.  R.  T.] 

(6)  The  putting  in  service  successively  of  sections  Nos.  2  to  21  not  having  up  to 
the  present  time  occasioned  a  higher  rate  of  maintenance  expenses  than  would  have 
obtained  with  wooden  ties,  it  ma^^  be  admitted  that  a  company  which  j)wt;s  in  every 
year  a  certain  number  of  metal  ties  of  reasonably  good  design  will  not  increase  its 
maintenance  accounts  and  need  not  increase  its  staff. 

(7)  A  piece  of  track  near  Liege  (with  twenty-five  trains  per  day),  984  feet  long,  on 
a  curve  of  1738.40  feet  radius  and  a  grade  of  1.6  per  cent.,  laid  with  ties  of  Type  III, 
was  left,  after  having  been  carefully  packed,  for  forty  months  (three  and  one-third 
years)  without  packing  or  surfacing  or  any  other  work  except  inspection  of  the  nuts. 
At  the  end  ot  that  period  the  track  was  still  in  good  condition.  This  proves  that  a 
good  metal  track,  once  well  laid  and  packed,  does  not  require  more  inspection  or 
maintenance  than  a  track  on  wooden  ties  ;  on  the  contrary  it  would  be  dangerous  to 
leave  a  track  on  wooden  ties  for  three  and  one-third  years  unatttrnded  to,  under  these 
conditions. 
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(8)  The  (liagraiiis  of  tlie  gange-reojisterins  appai'atu8  xre  much  more  regular  for 
tracks  on  metal  ties  of  Types  I  to  IX  than  for  those  oq  .voodeu  ties,  even  wheu  the 
latter  an*  new. 

('.))  The  inclination  of  1  in  20  of  the  rail,  which  is  often  uisturhed  on  wooden  ties 
by  the  turning  ontward  of  ihe  rail,  is  maintained  invarialde  with  metal  ties  of 
Types  I  to  IX. 

(10)  The  lateral  displacement  of  the  tie  by  the  traffic  is  nil,  or  insiguilicaut,  even 
on  sharp  curves,  provided  that  the  tie  is  properly  closed  at  its  extremities.  It  has 
been  observed  that  intermediate  closings,  as  in  Types  II  and  IV,  are  absolutely 
superfluous,  as  Types  I  and  III,  without  these  intermediate  i)ieces,  do  not  shift. 

(11)  The  re-adzing  of  the  rail  seats  aud  re-spiking,  in  1886,  of  some  of  the  oak  ties  of 
section  No.  1,  necessitated  the  replacing  of  two  tie-plates  aud  four  hundred. and 
eighty  spikes  ;  the  renewal  of  attachnieuts  of  metal  ties  is  iusigniiicaut,  esi)ecially 
for  Type  "  C' 

(I'2)  Eolled  iron  is  not  recommended  as  a  material  for  ties  ;  mild  steel  of  good  qnal 
ity  is  the  best  material  in  every  respect  for  manufacture,  inspection,  solidity,  and 
dnrnV)ility. 

(13)  Track  laid  with  rails  breaking  joint  has  given,  with  angle  splice  bars,  good 
results,  especially  ou  curves. 

(14)  The  joints  should  be  suspended  and  spliced  by  angle  bars. 

(15)  The  Types  VI,  VII,  VIII,  and  IX  leave  nothing  to  be  desired.  The  hollow 
trough  packs  itself  easily  in  any  ballast ;  gravel,  sand,  ashes,  or  broken  stone.  Gen- 
erally the  ballast  forms  a  compact  core  adhering  to  the  interior  of  the  tie,  filling  it 
entirely  at  the  rail  seat,  and  increasing  its  base.  If  the  x^acking  does  not  extend 
more  than  16  inches  on  each  side  of  the  Hange  of  the  rail,  the  tie  can  never  "  dance," 
and  the  shape  of  the  tie  tends  to  drive  the  ballast  towards  the  rail  seat. 

(16)  The  track  men,  who  are  generally  opposed  to  metal  pes  at  first,  very  soon 
become  accustomed  to  them.  It  is  easy  to  obtain  an  excellent  track,  even  with  inex- 
perienced men,  by  giving  them  proper  instructions. 

(17)  To  test  the  bending  which  ties  of  Type  VI  would  sustain  without  cracking  in 
case  of  derailment,  the  company  made  a  series  of  tests  of  bending  the  tie  cold  at  each 
side  of  the  rail  seat;  punched  ties,  not  annealed,  of  varying  secti^.n,  would  bend  75 
degrees  before  cracking  ;  it  was  concluded  that  with  steel,  the  form  of  the  tie  and 
the  punching  (with  round  corners)  in  question,  annealing  is  not  necessary,  the  de- 
formation of  the  tie  in  case  of  derailment  never  being  75  degrees  at  the  bolt  holes. 
Ties  punched  aud  annealed  would  bend  (like  ties  not  punched  and  not  annealed) 
180  degrees  without  cracking.  In  view  of  this  remarkable  result  the  company  con- 
sidered annealing  to  be  desirable,  but  with  the  condition  that  it  did  not  cost  more 
than  a  few  centimes  per  tie. 

We  end  this  description  by  the  calculation  of  the  normal  maintenance  in  a  case 
determined  by  the  engineer  of  the  system  on  which  the  twenty-one  trials  have  been 
made:  ''A  track  of  Type  VI,  C  fastenings,  in  the  conditions  of  line,  ballast,  and 
operation  of  the  Liege-Hasselt  section,  can,  after  3  years  for  consolidation,  be  prop- 
erly maintained  at  the  rate  of  100  days'  work  per  year  per  kilometer.  A  gang  of  four 
men,  working  250  days  per  year,  can  then,  giving  50  days  to  other  work,  maintain  in 
good  condition,  4.96  miles  of  track." 

For  farther  details  of  the  work  done  on  this  system,  see  the  paper 
by  Mr.  Post  on  "  Maintenance  expenses  of  track  on  wooden  and  metal 
ties,'^  printed  in  my  preliminary  report  (Bnlletin  Ko.  III). 

HoLLArs^D  Railway. — The  HoPand  Railway  Company  (or  Dutch 
Eailway  Company),  first  used  '^  Vautherin  "  ties  weighing  72.6  pounds 
each,  curved  to  give  the  rails  an  inward  inclination,  and  open  at  the 
ends  ;  the  rails  were  fastened  by  gibs  and  cotters,  but  the  cotters  worked 


105 

loose,  beii).!::  too  narrow  and  not  having  snfiBciont  bearing  surface.  The 
(;oin})any  now  has  mild  steel  ties  of  Vaiitherin  section,  as  this  is  fonnd 
to  be  the  best  sjiape  lor  sand  ballast  (See  i)late  No.  1 1).  The  ties  are  of 
two  forms,  joint  and  intermediate  ;  all  are  8.53  feet  long.  The  joint 
ties  are  (3.4  inches  wide  on  top  (of  which  4  inches  are  slightly  thicker  and 
form  the  rail  seat),  8.72  inches  wide  inside  at  the  bottom,  11.2  inches 
wide  over  the  flanges,  and  2.64  inches  deep  over  all ;  the  thickness  is 
.24  inch  at  the  sides  and  top,  .32  inch  at  the  rail  seat,  and  .72  inch  at 
the  middle  of  the  rail  seat,  where  there  is  a  ril)  1.2  inches  wide  oy  the 
under  side  of  the  top  table.  The  weight  is  about  112.2  pounds.  The 
intermediate  ties  are  3.2  inches  wide  on  top,  6.8  inches  wide  inside  at  the 
bottom,  9.2  inches  wide  over  the  flanges,  and  2.64  inches  deep  ;  the  top 
table  is  .52  inch  thick  for  a  width  of  1.36  inches.  The  ends  of  both 
forms  are  ^Josed  by  riveted  angle  pieces.  The  tie  is  horizontal,  but  at 
each  end  is  a  tie  plate,  11.6  bj^  2.8  inches,  secured  by  two  rivets.  This 
plate  has  an  inclined  seat  for  the  rail,  and  has  a  rib  on  each  side  par- 
allel with  the  rail  flange.  This  rail  is  held  by  a  j-shaped  clamp  on  each 
side ;  one  side  of  the  head  of  the  clamp  rests  on  the  rail  flange  and  the 
other  side  on  the  rib  of  the  tie  plate,  with  the  lower  part  between  them  ; 
a  i-herided  bolt  passes  up  through  the  tie  plate  and  clamp.  The  shape 
of  the  tie  allows  for  an  adjustment  of  gauge.  The  ties  are  dipped  cold 
in  tar.  For  the  light  line  from  The  Hague  to  Scheveningen  a  lighter  tie 
of  Vautherin  section  is  used,  with  a  bolt  fastening  similar  to  that  of  the 
Left-Bank-of  the-Rhine  Railway.  (See  "  Germany.")  For  lines  of  which 
it  owns  the  concessions  the  company  has  abandoned  wooden  ties,  but 
Mr.  Bricka,  in  his  report  in  1885,  stated  that  it  had  not  received  permis- 
sion from  the  State  to  substitute  metal  for  wood  on  the  lines  of  which 
it  is  only  the  lessee.  With  the  track  on  this  road  Mr.  Bricka  mentions  a 
straight  splice  bar  of  three  thicknesses,  similar  to  the  Samson  bar  used 
in  this  country.  A  later  form  of  tie  used  is  without  the  horizontal 
flanges,  but  has  a  rib  on  the  inner  side  of  each  bottom  edge.  For  main 
lines  they  are  5.84  inches  wide  on  top,  7.2  inches  wide  inside  at  the 
bottom,  and  8.8  inches  wide  over  all,  3.2  inches  deep,  .24  inch  thick  on 
the  sides  and  .32  inch  on  top.  For  local  lines  they  are  4.4  inches  wide 
at  top,  5.4  inches  wide  inside  at  bottom,  6.64  inches  wide  over  all,  2.4 
inches  deep,  .20  inch  thick  on  the  sides,  and  .24  inch  on  top. 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France) 
in  1885,  gives  the  following  statement  of  the  track  of  this  road  at  the 
end  of  1884: 

Miles. 

Main  Hues 175.  40 

Local  lilies 3;').  34 

Total  track 4%.  62 

Wooden  ties 417.26 

Metal  longitudinals 62 

Metal  ties ". 78.  74 
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At  the  International  Eailway  Congress,  held  at  Milan,  Italy,  in  1887, 
Mr.  Kowalski  presented  the  following  particulars  : 

There  were  92.13  miles  of  metal  track  in  service  ou  December  31,  1S86 ;  this  in- 
cluded 30.07  miles  of  the  '-  Vautheriu  "  ties,  1.24  miles  of  the  Haarmann  system  (as  a 
test),  27.03  miles  with  the  company's  type  of  ties,  and  33.79  miles  with  the  Vautheriu 
and  the  company's  ties  mixed.  The  latter  are  straight,  with  riveted  tie  plates  giving 
the  inclinatiou  to  the  rails  ;  the  mixed  plan  was  adopted  to  remedy  the  inconveniences 
of  the  old  type  of  "  Vautheriu"  ties  with  open  ends,  by  replacing  these  ties  at  the 
joints  with  ties  of  the  new  system.  Up  to  1882  they  were  of  iron,  but  since  that  time 
of  mild  steel.  The  joint  ties  are  heavier  than  the  intermediate  ties;  the  first  weigh 
111.10  pounds,  the  latter  9(i.8  pounds;  the  fastening  plates  weigh  1.32  pouuds  per 
pair,  the  bolts  .88  pound  each,  making  a  weight  of  117.26  or  102.96  pounds  per  tie 
complete.  The  ties  are  placed  on  embankments  and  in  cuttings,  on  curves  and  tan- 
gents, on  grades  and  level  line.  The  ballast  is  of  tine  sand  and  gravel,  and  the 
ground  in  some  places  is  marshy.  The  traffic  over  the  metal  ties  is  very  heavy ;  on 
some  parts  there  are  more  than  sixty  trains  per  day,  with  speeds  of  52.7  to  55.8  miles 
per  hour.  The  train  loads  are  about  700  or  800  tons,  aud  the  engines  weigh  68  tons. 
The  rails  are  of  hard  steel,  weighing  77.65  pounds  per  yard.  The  experience  dated 
from  186S,  aud  the  results  were  so  satisfactory,  especially  as  to  the  solidity  of  the 
track,  even  in  case  of  accident,  that  the  use  of  metal  ties  was  being  continued.  At 
the  prices  of  that  time  (1886)  the  cost  per  meter  of  track  was  as  follows :  On  half- 
round  oak  ties  treated  with  chloride  of  zinc,  81.79;  on  mild  steel  ties  of  the  com- 
pany's type,  82.28 ;  the  rails  with  splice  bars  aud  bolts  are  included  at  81.09  ;  a  wooden 
tie,  with  four  spikes,  cost  only  59.4  cents  ;  a  metal  tie,  with  fastenings,  costs  about 
$1.04.  The  first  "Vautheriu"  ties  were  too  light  and  had  been  abandoned;  the 
strengthened  "Vautheriu"  ties  dated  from  1878-'79,  aud  had  necessitated  2  per  cent, 
of  renewals  per  year  during  the  three  years  previous  to  1887 ;  of  the  company's  ties 
laid  in  1880,  none  had  been  renewed  up  to  1887.  The  track  on  metal  ties  is  very  elas- 
tic and  very  agreeable  for  passengers.  The  results  were  so  satisfactory  that  from  1887 
the  company  intended  to  lay  1,000  tons  (about  22,000  ties)  per  year. 

Dutch-Ehexish  Eailvtay.— Ties  of  the  Vautheriu  type  were  used 
up  to  1885.  They  were  of  wrought  iron,  8.53  feet  long,  4  inches  wide  ou 
top,  9.2  inches  wide  at  the  bottom,  and  '2 A  inches  deepj  the  bottom 
flanges  were  .8  inch  wide  ;  the  thickness  was  .28  to  .32  inch  at  the  sides 
and  .36  inch  on  top.  The  weight  was  99  pounds.  The  tie  was  hori- 
zontal, closed  at  each  eiul  by  an  angle  plate.  A  tie  plate  was  used  to 
give  the  required  inclination  to  the  rail,  and  the  fastenings  consisted 
of  bolted  clanips  on  tlie  Euppel  system  (see  "Germany:  Prussian  State 
Eailways*').  Being  of  wrought  iron  the  bolt-boles  were  found  to  wear 
large.     The  following  is  Mr.  Bricka's  statement  of  the  track  for  1884 : 

Miles. 

Main  lines 167. 10 

Local  lines 3. 10 

Total  track 339. 14 

Wooden  ties 267.84 

Metal  longitudinals 6.  82 

Metal  ties 64.48 

Dutch  Cexteal  Bail  way.— In  Mr.  Bricka's  report  to  the  minister 
of  public  works  (France),  in  1885,  this  road  is  mentioned  as  a  line  of 
minor  importance.  Since  about  1878  experiments  have  been  made  with 
wrougbt-iron  ties  similar  to  those  on  the  Main-Xeckar  Eailway,  in  Ger- 
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many,  with  fastenings  similar  to  tiiose  used  on  the  Left-Bank-of-the- 
Rhine  Ilaihvay,  in  Germany.  They  gave  good  results  and  effected  an  econ- 
omy in  mainteiumce.    The  following  isastatement  of  the  track  for  1884: 

Miles. 

Main  lines ()2.  02 

Local  lines 1.24 

Total  tnu'k 81.84 

Wooden  ties 35. 90 

Metal  ties 45.88 

.  TIES. 

The  Post  Tics.— (See  plates  Nos.  8  and  9.) — These  ties  have  been  described  in  detail 
under  the  head  of  the  Netherlands  State  Railways.  Mr.  Post's  main  improvement  is 
in  the  variation  of  the  thickness  and  in  the  methods  of  manufacture,  and  ho  has 
shown  how  this  method  miglit  be  applied  to  improve  other  forms  of  ties  in  use. 
While  the  wear  of  steel  ties  at  the  point  of  contact  with  the  bolt  may  be  very  small, 
Mr.  Post  has  considered  it  well  to  increase  the  thickness  of  the  tie  at  this  point ;  it 
adds  little  to  the  w-eight  of  the  tie,  hut  increases  its  life,  and  is  especially  adapted 
for  light  ties  with  a  thin  top-table.  A  middle  rib  on  the  underside  of  the  table  in- 
creases the  thickness  at  the  bolt-holes;  this  rib  runs  the  whole  length  of  the  tie, 
being  thi-ikest  at  the  rail  seat  and  decreasing  towards  the  middle  and  ends.  With  an 
extra  thickness  of  .10  inch  at  the  bolt-holes,  the  weight  of  the  tie  is  only  increased 
by  CO  to  8.8  pounds,  dud  it  enables  a  reduction  of  22  or  33  pounds  to  be  made  (with- 
out changing  the  thickness  at  the  bolt-holes)  in  the  exaggerated  weight  of  some  rolled 
steel  ties  of  varying  section,  such  as  the  two  types  of  the  Belgian  State  Railway, 
which  weigh  105  pounds  each,  corresponding  to  189f  pounds  of  a  tie  of  uniform  sec- 
tion. The  material  used  is  soft  or  mild  steel,  necessarily  of  good  quality  in  order  to 
stand  the  process  of  manufacture  and  the  tests.  The  specified  tests  require  a  piece 
of  a  tie  to  be  flattened  cold  under  a  steam  hammer,  and  the  plate  then  bent  to  a  curve 
of  3  inches  radius  without  cracking.  Another  piece  must  have  the  sides  pressed  to- 
gether till  the  tie  is  of  f\  section,  with  a  top  curve  of  .0  inch  radius.  The  fasten- 
ings have  proved  efficient,  so  that  direct  contact  between  the  rail  and  tie  is  not  con- 
sidered any  objection ;  there  is  little  if  any  more  noise  than  with  wooden  ties;  there 
is  no  rattling,  and  crystallization  of  the  metal  has  not  been  found  to  occur.  The 
effect  of  making  the  middle  of  the  tie  deeper  and  narrower  is  to  give  the  tie  a  better 
hold  on  the  ballast,  to  force  the  ballast  to  pack  under  the  rail  seat,  and  to  increase 
the  stiffness  of  the  tie  so  that  it  will  be  strong  enough  should  the  ballasting  give  way. 
Ties  of  Type  VI  have  been  made  for  rack  railways,  the  thickness  being  increased  at 
the  holes  for  the  bolts  which  support  the  rack-rail  chair  at  the  middle  of  the  tie  in 
the  same  way  as  described  for  the  ordinary  bolt-holes. 

The  manufacturers  have  been  required  to  guarantee  to  replace  damaged  ties  during 
two  years,  but  now  this  has  been  increased  to  five  years.  A  tie  of  this  type  has  been 
designed  for  the  Indian  gauge  of  5  feet  0  inches.  It  is  8  feet  7-}  inches  long,  horizontal 
at  the  middle,  inclined  1  in  20  at  the  rail  seats,  and  closed  at  the  ends  ;  at  the  rail  seats 
it  is  9i  inches  wide  and  2f  to  3^  inches  deep  ;  at  the  middle  it  is  4.4  inches  wide  and 
5  inches  deep.  The  thickness  of  the  sides  varies  from  .24  inch  at  the  bottom  to  .31  inch 
at  the  upper  part ;  the  thickness  of  the  top  varies  from  .28  inch  to  .43  inch,  the  latter 
being  at  the  rail  seat.  Weight,  125^  pounds.  Instead  of  bolt  fastenings  lugs  are  to 
be  stamped  up  out  of  the  tie  and  a  steel  key  driven  between  the  rail  flange  and  the 
lug  on  one  side  ;  the  system  is  the  same  as  that  now  used  with  steel  ties  on  the  Indian 
State  Railwaj^s  and  other  lines,  and  is  claimed  to  be  cheaper  and  better  than  the  bolt 
system  used  in  Europe.  A  similar  tie,  but  weighing  only  110  pounds,  has  also  been 
designed  and  is  said  to  be  as  strong  as  the  steel  ties  now  used  in  India.  In  a  pro- 
posal made  by  Mr.  Post's  English  agent  for  a  supply  of  ties  for  the  Indian  State  Rail- 
ways, he  bid  for  the  ''Post"  tie  and  for  the  type  of  tie  specified  by  the  engineer; 
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the  price  was  slightly  in  favor  of  the  former,  owiug  to  its  reduced  weight  with  equal 
strength.  The  price  quoted  to  me  in  February,  18.S8,  by  this  geutlemau  was  about 
$25.62^  per  ton  at  the  j)ort. 

lu  September,  1887,  there  were  in  service  in  railways  iu  Belgium,  France,  Holland, 
Germany,  and  Switzerland  about  334,500  "  Post"  ties,  or  about  18,753|  tons.  There 
were  iu  course  of  manufacture  83,900  ties  for  standard  gauge,  weighing  4,363  tons ; 
for  a  gauge  of  3  feet  6  inches  in  Sumatra,  70,000  ties,  weighing  3,040  tons  ;  for  rack 
railways,  20,000  ties,  weighing  700  tons ;  an  aggregate  of  518,400  ties,  or  26,916|  tons. 
In  March,  1888,  Mr.  Post  stated  that  there  was  a  total  of  about  457.300  ties  (about 
23,800  tons)  of  types  VI,  VII,  VIII,  and  IX  then  iu  the  track  in  diHerent  parts  of  the 
world,  and  that  about  272,700  more  (about  12,700  tons),  including  the  narrow  gauge 
and  rack  railway  at  Sumatra  (See  "Asia")  were  ordered  and  being  manufactured. 
This  made  a  total  of  about  730,000  ties,  or  36,500  tons.  They  were  iu  use  in  Holland, 
Belgium,  France,  Germany,  Switzerland,  and  Asia  (colonies).  About  50,000  ties 
have  been  introduced  into  the  Argentine  Republic.  In  January,  1890,  Mr.  Post 
stated  that  in  addition  to  the  ties  in  Holland,  Belgium,  France,  Germany,  and  Switz- 
erland, there  were  200,000  iu  Sumatra,  50,000  in  the  Argentine  Republic,  and  71,000 
were  to  be  sent  to  the  Transvaal  (South  Africa)  in  February.  Within  three  mouths 
there  would  be,  he  stated,  a  million  of  these  ties  in  service. 

The  following  table,  prepared  by  Mr,  Bodnier,  civil  engineer,  the  Londou  agent, 
shows  the  number  of  "■  Post"  ties  sold  up  to  September  26,  1889.  Bids  had  also  been 
invited  for  71,430  ties  for  the  Dutch  South  African  Railway.  The  contractiou  referred 
to  is  making  the  tie  narrow  and  deep  at  the  middle  : 


Where  used. 


Contraction. 


Number. 


Netlaerlands  State  railway With 

Do : Without, 


German  State- railways : 

Magdeburg  . .  

Cologne 

Altona 

Strasburg  

Cockerill,  Seraing,  Belgium. 

Military  railway,  Scboneberj; 

Do \ 


Total 

Manufactured  iu  France  and  Belgium. 


Total 


German  State  railways: 

Frankfort T 

Erfurt 

Friedrich  Krupp,  Essen,  Germany 

Pfalz  railway,  Germany 

Fortifications,  Spandau' 

Dutch  Colonies,  Sumatra 

Bavarian  railway,  Ritaikon-Ingolstadt 

German  State  railways  (Berlin) 

Jura,  Bern,  Luzern  railway  (Switzerland)    

Carlos  Stegman,  Carlsruhe,  Germany  (for  the  Argentine  Eepublic) 


...do  ... 
...do  .... 
. .  do  . . . 
.-do  — 
...do  .... 
AVitli  ... 
Without 


...  do 
-.do 
...do 
With 
..  do 
...do 
..  do 
...do 
..  do 
...do 


108, 
CI, 


176, 

1, 

100, 


,732 
,b90 

200 
70i) 
lOJ 
000 
200 
750 
,300 

492 

487 
400 
000 
050 
000 
360 
020 
(00 
000 


65C,JM 
200,  000 


856, 181 


SUAIMARY  OF  METAL  TRACK  FOR  HOLLAND. 


Railways. 

Longitu- 
dinals. 

Cross- 
ties. 

Netherlands  State  (1888) 

91.00 

Holland  (estimated  to  1889)   

1.24 
6.82 

120.  00 

Dutch  Rhenish  (1885) 

64.48 

Dutch  Central  (1885) 

45.88 

Total 

8.  00 

321.  36 
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BELGILIAI. 

General  Kemarks. — In  this  country  quite  extensive  experiments 
with  metal  track  liave  been  made  on  several  lines,  and  tlie  Government 
lias  conducted  ex[)eriments  on  the  State  railways  since  18i0.  In  1885 
and  1880  the  subject  of  the  use  of  metal  lies  was  warmly  discussed  in 
the  Chamber  of  Representatives,  the  principal  object  being  to  forw^ard 
the  interests  of  the  iron  industry ;  the  minister  of  railways  then  se- 
cured an  ai)propriatiou  of  $180,000  for  thepurposeof  carrying  on  further 
experiments  on  the  State  railways.  In  March,  1889,  at  a  meeting  of  the 
chamber,  the  minister  stated  that  the  results  had  not  been  satisfactory. 
He  had  hoped  that  if  the  tests  were  successful  the  authorities  would 
have  been  able  to  adopt  metal  track  on  a  part  of  their  system,  and  thus 
render  a  great  aid  to  the  national  industry  by  advancing  the  condition 
of  the  iron  trade.  At  this  meeting  there  was  a  rather  sharp  discussion 
on  this  point,  several  of  the  members  being  in  favor  of  more  extensive 
tests  and  wishing  tests  made  of  the  "  Z-iron  "  tie  [described  later  on]. 
The  minister  stated  then  that  three  types  of  metal  ties  had  been  tried  ; 
of  these  one  had  tailed,  but  the  inventor  claimed  that  the  failure  was 
due  to  a  defect  in  the  quality  of  the  material,  and  he  was  granted  a 
further  trial;  the  other  two  systems  had  not  been  long  enough  in  serv- 
ice to  enable  a  definite  opinion  to  be  given.  He  was  opposed  to  in- 
creasing the  number  of  types  to  be  experimented  with.  Tlie  Govern- 
ment has  been  asked  to  have  these  "Z-iron''  ties  tried  on  the  State 
railways,  but  the  minister  of  railways  declined  on  the  ground  that  the 
Government  preferred  to  await  the  results  of  the  trials  being  made  on 
the  State  and  concessionary  lines  before  proceeding  with  new  trials  or 
adopting  new  types.  Mr.  Bricka,  in  his  report  to  the  minister  of  public 
works  (France)  in  1885,  stated  that  Belgium  was  the  only  country  in 
which  after  a  trial  on  a  large  scale  metal  track  had  been  at  one  time 
almost  entirely  abandoned.  He  attributed  this  to  the  fact  that  the 
trials  to  which  he  referred,  covering  a  length  of  153.56  miles,  were  made 
by  order  of  the  Government  on  account  of  the  agitation  raised  by  the 
metal  industries  about  1877.  It  was  proposed  to  lay  about  93  miles  at 
once.  The  ties  were  of  the  original  "  Vautherin  "  type ;  they  were  not 
of  a  good  section  and  were  of  very  poor  material ;  proving  unsatis- 
factory they  were  taken  up  and  no  attempts  were  made  to  improve  upon 
the  system.  A  similar  agitation  was  raised  in  1884,  and  a  commission 
was  sent  to  investigate  the  progress  being  made  in  Germany,  with  the 
result  that  the  Belgian  engineers  began  to  have  a  better  opinion  of 
metal  track.  Since  then  the  Government  has  ordered  trials  to  be  made 
with  different  types  of  track,  and  these  trials  are  still  being  carried  on. 

Wooden  ties. — The  West  Flanders  Railway  reported  in  August,  1888, 
that  metal  ties  have  not  been  employed,  as  oak  ties  10.4  inches  by  5.2 
inches  can  be  procured  for  70  cents  each. 
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Belgian  State  Railways.— Experiments  with  various  forms  of 
metal  track  liave  been  made  on  the  State  railways  since  1840  and  are 
still  in  inogress.  Up  to  IbSo  only  unsatisfactory  results  had  been  ob- 
tained :  but  this  was  attributed  to  bad  or  defective  designs  or  material, 
and  did  not  cause  the  abandonment  of  the  trials. 

In  March,  1886,  Mr.  FJamache,  engineer  of  the  State  railways,  pre- 
sented a  paper  at  a  meeting  of  the  Belgian  Society  of  Engineers,  on 
"  The  History  of  Metal  Railway  Tracks,"  to  which  was  appended  a  note 
by  Mr.  Mussely,  an  engineer  of  the  same  roads,  detailing  the  trials 
made  since  1846.  These  trials  were  briefly  as  follows:  In  1846  there 
were  four  systems  in  use  on  the  line  between  Brussels  and  Antwerp  : 
(1)  the  Poncelet  system  of  semi-circular  plates  of  cast-iron,  with  rolled- 
iron  tie-bars;  (2)  the  Poncelet  system  with  square  plates;  (3)  the  Go- 
bert  system  of  two  cast-iron  plates  with  an  old  rail  reversed,  this  rail 
having  a  notch  which  formed  a  chair  ;  (4)  the  Marchal  system  of  rolled 
plates,  with  ordinary  chairs  secured  by  bolts  and  nuts.  In  1851  the  ad- 
ministration put  in  5,000  ties  of  the  Greaves  and  Barlow  system,  simi- 
lar to  the  Poncelet  system.  In  1868,  7,804  "  Vautherin  "  ties  were  laid. 
About  1869,  500  tons  of  the  Legrand-Salkin  system  were  laid.  Between 
1872  and  1879  several  systems  were  examined,  but  none  were  considered 
worthy  of  trial  In  1878-1879  there  were  laid  74.56  miles  of  single  track 
with  the  Hilf  longitudinals  (See  "  Germany  ")  and  94,035  miles  of  single 
track,  similar  to  the  Rhenish  Railway  type  (See  ''  Germany  ").  In  March, 
1879,  2,000  of  the  Desoignies  cross-ties  were  laid.  In  1879  the  Serres 
and  Battig  system  of  longitudinals  was  tried.  In  1881,500  Helsonties 
were  laid.  The  Hilf  longitudinals  were  similar  to  those  on  the  Alsace- 
Lorraine  Railway,  Germany  ;  but  there  was  much  trouble  from  break- 
ages, owing  to  the  bad  quality  ot  the  metal,  and  at  the  end  of  four  years 
all  of  the  track  was  taken  out.  With  the  Serres  and  Battig  system  there 
were  many  breakages,  owing,  the  inventors  claimed,  to  the  quality  of 
the  material;  these  were  soon  abandoned.  The  "Vautherin*'  ties,  laid 
in  1878,  were  7.87  feet  long,  4  inches  wide  on  top,  9.52  inches  wide  at 
the  bottom,  2.4  inches  deep;  the  top  table  .36-iuch  thick;  the  bottom 
flanges  .96  inch  wide  and  .32  inch  thick.  The  ties  were  curved  longi- 
tudinally, to  give  the  rail  its  inward  inclination,  and  near  each  end  a 
piece  of  angle-iron  was  riveted  with  the  vertical  leg  inside  the  tie.  The 
fastenings  were  on  the  Ruppel  plan  (See  '^  Germany — Left  Bank  of  tiic 
Rhine  Railway"),  consisting  of  bolted  clamps  with  lugs  fitting  into  holes 
in  the  tie;  at  the  joint  ties  the  clamps  extended  over  the  whole  width 
of  the  rail-flanges.  The  weight  was  105.65  pounds.  The  2,000  Desoig- 
nies ties  were  laid  on  the  line  from  Brussels  to  Ghent;  they  were  of  ap- 
proximately rectangular  section,  weighing  88  pounds;  the  fastenings 
consisted  of  a  riveted  clamp  on  one  side,  and  a  bolted  clamp  on  the  other 
side,  of  the  rail.  Owing  to  the  poor  quality  of  the  iron,  breakages  occur- 
red with  both  these  types,  and  the  holes  were  enlarged,  while,  owing  to 
their  being  curved  and  laid  in  broken-stone  ballast,  the  track  was  not 
Stable.    These  were  only  in  service  for  about  two  years. 
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In  December,  1885,  it  was  decided  to  try  35,000  ties  of  the  "  Post"  type, 
but  heavier  than  those  on  the  Netherlands  State  Railways;  35,000  ties 
of  the  Braet  phm,  being  a  modihcatiou  of  the  "Post"  type;  and  5,000 
ties  of  the  Bernard  type. 

The  Hrst  were  of  the  old  form,  8.2  feet  long,  10  inches  wide,  2.84  to  3.6  inches  deep, 
.48  inch  thick  in  the  middle,  and  .04  inch  thick  at  the  rail-seat ;  the  fastenings  con- 
sisted of  holted  clamps  with  si)ring  washer  nnt-locks.  There  were  twelve  ties  to  a 
rail  length  of  29.52  feet,  and  the  rails  were  laid  with  suspended  joints.  The  weight 
was  165  pounds  per  tie.  Mr.  Bricka  considered  this  too  heavy,  and  thought  that  a 
thickness  of  .32  inch  to  .48  inch  would  be  sufficient.  The  '"Braet"  ties  were  designed  or 
adapted  by  Mr.  Braet,  engineer  of  the  Belgian  State  railways;  they  are  8.2  feet  long, 
10.8  inches  wide  at  the  bottom,  3.8  inches  deep  at  the  middle,  and  4.4  inches  at  the 
rail-seats;  the  thickness  is  .36  inch  at  the  middle  and  .52  inch  at  the  rail-seats;  the 
weight  is  165  pounds.  With  both  these  types  the  Ruppel  plan  of  bolted  clamp-fasten- 
ings is  used.  Tbe  Bernard  tie  is  composed  of  two  channel-irons  7.54  feet  long,  4.8 
inches  high,  and  2.24  inches  wide  over  the  flanges  ;  the  thickness  is  .24  inch.  These 
are  placed  back  to  back,  7.32  inches  apart,  and  at  each  end  is  a  flat  base-plate  16 
inches  wide  and  36  inches  long,  fastened  to  the  bottom  flange  of  each  channel-iron  by 
four  rivets  .80  inch  diameter,  and  turned  up  to  close  tbe  end  of  the  tie.  At  each  end 
of  the  top  of  the  tie  is  a  grooved  tie-plate  7.96  inches  wide  and  13.2  inches  long  under 
the  rail,  resting  on  the  top  of  the  upper  flanges  of  the  channel-irons  ;  the  plate  gives 
the  usual  inward  inclination  to  the  rail.  Hook-headed  bolts  pass  through  the  upper 
flanges  of  the  channel-irons  and  through  the  tie-plates,  the  rails  being  fastened  by 
large  washers  or  clamps,  with  a  recess  in  the  top  to  receive  a  coiled-spring  nut-lock. 
The  tie  is  filled  with  and  buried  in  the  ballast,  to  increase  its  weight  and  the  stabil- 
ity of  the  track.  The  weight,  complete,  is  231  pounds,  and  there  are  eight  ties  to  a 
rail  length  of  22.96  feet.  It  was  said  during  the  discussion  in  the  chamber  that  they 
had  not  given  satisfactory  results  (see  "The  Bernard  Tie  ").  The  "  Post"  ties  were 
made  at  the  Louviere  works,  and  cost  $24.09  per  ton  ;  the  ''  Braet "  ties  were  made  at 
the  Cockerill  works,  and  cost  $23.80  per  ton  ;  the  "Bernard."  ties  were  made  at  the 
Couillet  works,  and  cost  $29.90  per  ton. 

The  following  iiarticulars  are  taken  from  a  special  report  sent  to  me 
in  May  1888,  in  regard  to  the  track  laid  with  the  "Bernard"  ties. 
There  were  about  3J  miles  (18,450  feet)  of  line  laid  with  5,000  of  these 
ties;  4,000  were  on  grades  of  0.16  per  cent,  and  1,000  on  level  track. 
The  first  were  laid  in  1884,  the  remainder  in  Juue,1886.  Mr.  Mathieu  was 
the  engineer.  The  weight  of  the  tie  is  given  as  2L5.6  pounds.  The  cost 
is  $2.90  per  tie  at  the  works,  the  durability  and  the  cost  of  maintenance 
are  not  yet  determined.  The  metal  is  not  painted  or  treated  in  any 
way.  Passenger  and  freight  traffic  is  hauled  over  the  line ;  the  engines 
weigh  from  35  to  75  tons,  including  tenders,  and  the  cars  weigh  empty 
4  to  9  tons.  The  rails  are  flange  section,  76.5  pounds  per  yard ;  the 
joints  are  suspended  and  fastened  by  splice-bars.  There  are  8  ties  per 
rail  length  of  29.52  feet.  The  ballast  is  of  broken  stone ;  it  is  20  inches 
deep  in  the  middle,  level  with  the  top  of  the  ties  between  the  rails,  and 
level  with  the  rail-heads  between  the  tracks  and  outside.  The  line  is 
of  standard  gauge  and  the  width  of  road-bed  is  as  follows:  6.56  feet 
center  to  center  of  inner  rails  of  double  track,  4.92  feet  center  to  center 
of  rails  of  each  track,  3.28  feet  from  center  of  outer  rails  to  edge  of  bal- 
last, 30  inches  width  of  ballasc  slope.    The  reason  for  adopting  metal 
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ties  was  to  obtain  a  solidity,  a  bearing-surface,  and  a  weight  which 
would  increase  the  durability  and  diminish  the  expense  of  maintenance.       \ 
The  results  have  been  very  satisfactory;  the  track  is  solid,  the  fasten-       ! 
ings  hold  well  and  give  no  trouble.     No  breakages  had  occurred  and 
there  was  no  trouble  with  maintenance.    The  ties  present  the  advantage 
that  on  account  of  the  extra  length  of  bearing-surface  they  can  be  con-       I 
sidered  as  two  ties  spliced  together  and  the  number  can  be  reduced  33 
per  cent,  below  the  ordinary  number  of  ties.     Their  bearing  in  the  bal- 
last and  their  weight  are  very  great,  giving  them  exceptional  stability. 
The  climate  is  moist  and  variable,  but  no  special  observation  has  been 
made  of  its  effect  upon  the  ties.  I 

The  CoekerUl  tie. — A  tie  of  the  "Post"  type,  of  which  the  Cockerill  works  sent  par-         I 
ticukirs  in  Fehruary,  1888,  was  8.2  feet  long,  9.6  inches  wide  inside  at  the  hottom,  10.8         ! 
inches  wide  over  the  ribs.     The  top  was  horizontal  except  at  the  rail  seats,  and  the         j 
bottom  was  horizontal  throughout.     The  ends  were  closed  and  benfc  below  the  level  of        I 
the  bottom  of  the  tie,  being  G  inches  deep.     Weight,  164.56  pounds.     At  the  middle  it 
was  3.64  inches  deep  with  a  top  table  .36  inch  thick.     At  the  outer  part  of  the  rail  seat 
it  was  4.4  inches  deep  with  a  thickness  of  .52  inch,  and  at  the  inside  part  it  was  3.8 
inches  deep  with  the  same  thickness  of  the  top  table.     The  thickness  of  the  sides  w^as 
from  .30  inch  at  the  bottom  to  .36  and  .46  inch  at  the  top.     The  fastening  bolts  were 
3.44  inches  long  under  the  head,  .84  inch  diameter,  with  _L  heads  and  hexagon  nuts.         j 
The  clamps  were  2.28  inches  by  2.60  inches,  with  a  bolt  hole  .88  inch  diameter;  a  lug        ! 
at  the  outer  side  made  the  depth  over  all  1.80  inches,  and  this  lug  fitted  into  the  ob-        | 
long  bolt  hole  (1.6  by  .92  inch)  in  the  tie.     Spring  washers  for  nut-locks  are  used. 
The  rail  joints  were  spliced  with  angle  bars  having  a  rib  on  the  under  side  of  the  edge        j 
of  the  flange.     The  bars  were  27.20  inches  long,  with  four  bo't  holes,  the  inner  ones  6 
inches  apart  center  to  center,  and  the  outer  ones  4  inches.     For  a  rail  length  of  29.52 
feet  there  were  twelve  ties,  spaced  23  inches  apart  center  to  center  at  the  joints, 
25  inches  apart  next  to  the  joints,  and  intermediate  ties  32  inches  apart.     Other  ties 
of  this  type  were  8.2  feet  long,  8.88  inches  wide  inside,  10  inches  wide  over  the  ribs. 
The  depth  over  all  was  2.84  inches  at  the  middle,  where  .48  inch  thick,  and  3  inches 
where  .64  inch  thick.     At  the  rail  seat  the  thickness  was  .64  inch  and  the  depth  3.6 
inches.     The  width  of  the  top  table  was  5.04  inches,  except  at  the  rail  seat,  where  it 
is  4.4  inches,  and  just  outside  it  narrows   to  3.78  inches.     These  ties  are  not  nar- 
row-waisted  at  the  middle,  but  are  of  uniform  section  and  thickness  between  the 
rail  seats.     The  adjustment  of  gauge  is  effected  by  the  use  of  clamps  with  lugs  of 
different  width,  instead  of  by  eccentric  necks  on  the  bolts.     The  more  recent  form  of 
track  has  rails  weighing  76.5  pounds  per  yard,  with  joints  spliced  by  bars  31.84 
inches  long  and  four  bolts,     The  joint  ties  are  spaced  24.24  inches  center  to  center. 

From  1885  to  May,  1888,  2,625  tons  of  the  "  Post "  type  of  tie  had 
been  manufactured  for  these  lines  by  the  Angleur  works.  They  were 
of  Thomas  Gilchrist  steel,  not  tarred  or  treated ;  they  weighed  110  to 
165  pounds  each,  and  cost  $22  to  $25  per  ton.  Most  of  the  ties  of  this 
type  were  considerably  heavier  than  those  used  on  the  Netherlands 
State  railways  (Holland).  Continued  experience  on  these  latter  lines 
has  shown  the  weight  of  117.7  pounds  to  be  sufficient  in  every  way,  and 
the  inventor  considers,  as  does  Mr.  Brick  a,  that  the  extra  weight  is 
quite  unnecessary,  involving  extra  cost,  and  only  resulting  in  putting 
useless  and  dead  metal  into  the  track. 

The  Belgian  State  railways  system  comprises  1,990  miles,  and  on 
January,  1888,  there  were  219,485  metal  ties  in  service. 
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Gkeat  Centiial  IJailwav— DifferiMit  fornis  of  metal  track  bave 
been  tried.  Ainon<;'  them  was  the  Serres  and  Hatti^'  system  of  lonj^i- 
tudinals  (See  "Austria"),  but  there  were  many  breakages  and  the  trial 
was  not  successful.  In  1873  the  superintendent  of  permanent  way  re- 
^)orted  that  he  was  fully  satisfied  with  the  experience  so  far  obtainecl 
with  metal  ties.  He  was  unable  to  employ  them  further  at  the  time  in 
consequence  of  the  extraordinary  advance  that  had  taken  place  in  the 
price  of  iron.  The  company's  report  for  1887  stated  that  the  favorable 
results  durin<;'  1880  had  been  still  more  marked  during  1887.  Lu  the 
latter  year  0,000  additional  metal  ties  were  substituted  for  wooden  ties. 
^Satisfactory  results  are  said  to  have  be^u  obtained  with  a  "Z-iron"  tie 
weighing  149.0  pounds  and  costing  not  more  than  $1.80  each;  these 
were  laid  about  1887. 

Since  1880  there  have  been  in  service  11,000  iron  ties  of  two  types, 
manufactured  by  Caramin  &  Co.,  of  Thyle-Chateau  (see  Plate  No.  11), 
and  they  are  giving  very  good  results  as  to  security  and  economy  in 
maintenance,  according  to  a  statement  sent  to  me  by  the  engineer-in- 
chief  in  October,  1889.  He  stated  that  so  far  not  a  single  one  of  these 
ties  had  been  taken  out  of  service,  while  on  the  state  railways,  where 
steel  ties  are  used,  quite  a  uumber  had  to  be  taken  out  owing  to  break  ■ 
age.  This  unfavorable  result  he  attributed  to  the  alteration  in  the 
metal  produced  by  the  punching  of  the  holes  for  the  bolts.  With  steel 
special  precautions  must  be  observed  in  the  manufacture,  while  with 
iron  there  is  less  need  of  such  care.  He  does  not,  however,  proscribe 
the  use  of  steel  for  ties,  but  thinks  much  progress  is  still  to  be  made  in 
metallurgy  before  this  material  will  be  definitely  successful  for  such 
purposes. 

The  ties  now  used  weigh,  complete,  about  151  pounds;  they  are 8.52 
feet  long  for  standard-gauge  track.  This  weight  is  sufficient  for  a 
moderate  traffic  with  an  average  speed  of  37.2  miles  per  hour  for  pas- 
senger trains,  but  he  considers  that  the  weight  should  be  increased  to 
170  or  even  198  pounds  for  tracks  with  very  heavy  traffic.  Various 
kinds  of  ballast  have  been  used  with  these  ties;  ashes  mixed  with 
earth  (a  very  inferior  quality  of  ballast),  river  gravel  and  broken  stone ; 
good  results  have  been  obtained  with  all  these  materials.  The  gravel 
should  be  slightly  earthy,  so  as  to  form  a  solid  core  under  the  tie.  This 
railway  has  a  length  of  305.18  miles. 

These  ties  a  re  of  semi-cylindrical  section,  with  horizontal  flanges  on  the  lower  edges 
and  having  a  flat  top  table;  the  horizontal  flanges  are  cut  away  at  the  middle  of  the 
tie.  They  are  8.52  feet  long,  3  inches  deep,  6.4  inches  wide  inside  at  the  bottom  and 
9  inches  wide  over  the  flanges  ;  the  upper  face  of  th'3  top  is  flat  for  a  width  of  3  inches. 
The  flanges  are  .36  inch  thick  ;  the  sides  are  .36  inch  at  the  bottom  and  .40  inch  at 
the  top,  and  the  top  table  is  .52  inch  thick.  Inside  the  tie,  under  each  rail,  is  an  iron 
plate  10.8  inches  long  and  about. 75  inch  thick,  fastened  by  two  rivets  passing  through 
the  top  of  the  tie.  Each  rail  rests  on  a  grooved  tie-plate,  giving  the  rail  the  usual 
inclination,  and  having  a  channel  for  the  rail  flange  and  a  rib  along  each  side.  Short 
Screws,  about  3f  inches  long  over  all,  pass  through  the  tie-plate  and  tie  and  are  tapped 
into  the  iron  plate  riveted  inside;  these  screws  bave  wide  rotind  beads,  which  bear 
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on  the  tiange  of  the  rail  and  tlie  rib  of  the  tie-plate,  ami  have  a  square  projection  on 
top  for  the  track-wrench.  The  older  ties  of  this  form  weighed  149.38  pounds  corn- 
icle te  ;  but  the  newer  ones,  adopted  in  18S7,  weigh  152  pounds,  made  up  as  follows: 
Tie,  133.30  pounds  ;  tie-plates,  5.10  pounds;  riveted  plates,  9.06  pounds;  ris'ets,  1.(33 
pounds  ;  screws,  2.91  pounds. 

The  other  type  of  tie,  adopted  in  1886,  was  of  similar  section  ;  but  inside,  under 
each  rail,  was  an  oak  block  9.3  inches  long;  this  was  held  in  place  by  an  iron  ])late 
9.8  inches  long,  riveted  to  the  tie  by  two  rivets  to  each  flauge;  the  plate  was  about 
.27  inch  thick,  with  a  rib  in  the  middle  about  1.15  inches  wide,  makiug  the  thickness 
at  that  part  about  .56  inch.  The  rail  rested  on  a  tie-plate  having  a  rib  on  each  side, 
but  no  channel  for  the  rail  flange.  The  fastenings  consisted  of  screws  similar  to  tiiose 
described  above,  but  6.12  inches  long  over  all,  passing  through  the  wooden  block  and 
the  thick  part  of  the  bottom  plate.  The  weight  of  each  tie,  complete,  was  as  follows : 
Tie,  130.64  pounds;  tie-plates,  4.73  pounds;  riveted  plates,  17.20  pounds;  screws, 
3.96  pounds  ;  oak  blocks,  4.77  pounds  ;  total.  161.30  pounds. 

At  the  International  Eailway  Congress,  held  at  Milan,  Italy,  in  1887, 
Mr.  Kowalski  presented  the  following  particulars  respecting  these  ties: 

Five  thousand  were  laid  in  1886  and  5,000  were  to  be  laid  in  1887  ;  they  were  placed 
under  unfavorable  conditions  and  in  ground  imperfectly  drained  ;  they  were  on  em- 
bankments and  in  cuts  on  tangents  and  curves  of  1,640  feet,  1,968  feet,  and  2,624  feet 
radius,  and  on  a  maximum  grade  of  3.5  per  cent.  During  the  first  year  the  traflfic 
consisted  of  1.498  passenger  trains  and  2,920  freight  trains,  a  total  weight  of  1,0(18,258 
tons.  The  speed  of  the  former  is  37.2  miles  per  hour  and  that  of  the  latter  15.5  miles 
per  hour.  The  passenger  engines  weigh  31  tors,  and  the  freight  engines  52  tons. 
The  rails  are  of  flange  section,  weighing  74.35  pounds  per  yard.  The  ballast  is  of 
ashes  and  quarry  gravel.  The  track  keeps  in  good  condition  and  the  fastenings  keep 
tight.  The  price  of  the  iron  tie  is  double  that  of  the  wooden  tie.  The  work  of  main- 
tenance during  the  first  year  of  service  was  less  than  that  of  wooden  ties.  The  ar- 
rangement of  fastening  with  screws  and  an  iron  plate  was  being  adopted  in  place  of 
the  wooden  block. 

NoRTHERX  EAiLWAY.™On  the  Belgian  lines  of  the  Northern  Kail- 
way  of  France,  the  "  Severac  "  tie  has  been  used.  In  1SS5  there  were 
1,500  of  these  ties  in  the  track,  750  at  Engis,  near  Liege,  and  750  near 
Charleroy.  Since  they  had  been  laid  6,000  trains  had  passed  over 
them,  and  no  creeping  of  the  rails  or  displacement  of  the  keys  which 
fasten  the  rails  had  been  observed.  At  a  meeting  of  the  Belgian  Soci 
ety  of  Engineers  in  March,  18S6,  it  was  stated  that  1,500  of  these  ties 
had  been  in  service  for  nine  months  under  a  traffic  of  sixty-four  trains 
per  day,  and  were  in  as  good  condition  as  when  laid,  while  no  differ- 
ence could  be  noticed  between  the  noise  when  passing  over  these  ties 
or  wooden  ties.  They  were  manufactured  by  the  Angieur  Works  (See 
*'  the  Severac  ties  ").  The  following  particulars  are  from  a  statement  re- 
ceived in  May,  1888,  in  regard  to  the  "  Severac"  ties :  In  June,  1885,  they 
were  laid  on  1,968  feet  of  single  track  on  the  line  from  Namur  to  Liege ; 
and  in  Jidy,  1885,  on  1,968  feet  of  single  track  on  the  line  from  Erqiie- 
linnes  to  Charleroy.  On  the  former  section  there  were  curves  of  1,920 
feet  radius,  and  grades  of  3.8  per  cent. ;  on  the  latter  section  there  were 
curves  of  1,610  feet  radius,  and  grades  of  1.46  per  cent.  Mr.  Bernard 
-was  the  engineer  of  the  line  to  Xamur.  The  locomotives  weigh  about 
38  to  69  tons  in  working  order,  including  the  tender;  the  cars  weigh 
3.6  to  8  tons  empty.     The  traffic  is  passenger  and  freight.     The  tie  is 
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au  I-beaiLi,  8.12  feet  lon<;,  4.8  inches  liigb,  3.13  inches  wide  over  tlie 
tianges,  .32  inch  thick;  on  the  bottom  is  a  i)late  9.6  inclies  wide  and 
.32 inch  thick,  secured  by  eighteen  rivets;  it  runs  the  whole  length  of 
the  tie  and  is  turned  up  at  the  ends.  A  chair  for  the  rail  is  riveted  to 
the  top  at  each  end  of  the  tie.  The  weight  of  the  tie  complete  is  204.0 
pounds.  The  ties  are  made  of  irou  at  the  Angleur  Works ;  they  are 
not  treated  in  any  way,  and  cost  the  railway  company  $1.08  each,  but 
tiie  net  cost  at  the  works  was  higher  than  this,  according  to  the  state- 
ment of  the  inventor.  The  cost  of  maintenance  had  not  been  defined, 
but  was  very  low.  The  joint  ties  were  spaced  24  inches  apart,  center 
to  center,  and  the  intermediate  ties  34  inches.  The  ballast  is  of  ashes; 
it  is  20  inches  deep  in  the  middle,  level  with  the  rails  between  and  out- 
side of  the  tracks,  and  level  with  the  tops  of  the  ties  between  the  rails. 
The  dimensions  of  the  road-bed  are  as  follows:  6.56feet  between  tracks 
(center  to  center  of  rails),  4.92  feet  center  to  center  of  the  rails  of  each 
track,  3.28  feet  from  center  of  outer  rails  to  top  of  ballast  slope,  30  inches 
width  of  ballast  slope.  The  rails  are  of  flange  section,  weighing  60.36 
pounds  per  yard  ;  the  joints  are  suspended,  and  are  spliced  in  the  usual 
way.  The  reason  for  using  metal  ties  was  to  compare  the  cost  of  their 
maintenance  with  that  of  the  track  on  wooden  ties.  The  results  were 
satisfactory ;  there  was  no  trouble  with  maintenance,  and  the  only  trouble 
with  the  rail  fastening  (a  taper  key  driven  between  the  rail  flange  and 
a  lug  on  the  tie  plate)  was  that  before  driving  the  keys  to  a  tight  bear- 
ing it  was  necessary  to  dress  the  track  in  line  and  surface,  as  after  the 
keys  have  been  finally  driven  this  dressing  is  impossible  on  account 
of  the  extreme  stiffness  and  rigidity  of  the  track.  The  only  breakages 
were  in  the  chairs  which  appeared  to  be  rather  weak  ;  no  accidents  were 
caused  by  these  breakages.  The  ties  appeared  to  behave  much  the 
same  as  wooden  ties ;  they  are  well  made,  but  as  regards  bearing  they 
do  not  present  more  advantages  than  wooden  ties,  which  would  have  a 
width  of  9.6  inches.  The  climate  is  moist  and  variable,  but  no  partic- 
ular observations  have  been  made  of  its  effect  on  the  ties.  Oak  ties 
cost  $1.17  each,  including  the  rail  fastenings,  and  have  an  average  life 
of  fifteen  years.  Oreosoted  beech  ties  cost  $1.09  oach,  including  rail 
fastenings,  and  have  an  average  life  of  twenty  years. 

LiEaE  AND  Luxembourg  Eailway.— The  Serres  and  Battig  system 
of  iron  longitudinals  (See  '^Austria")  has  been  tried,  but  with  unsat- 
isfactory results  owing  to  numerous  breakages.  The  "  Coblyn"  type  of 
cross  ties  has  also  been  used.  The  principal  trials  have  been  with  the 
"  Post"  type  of  steel  cross-tie,  with  very  good  results,  as  noted  under 
"Holland,"  Netherlands  State  Railway. 
Liege  and  Seraing  Railway. — The  Society  of  Economic  Railways 
nu  I  (Liege  to  Seraing  and  extensions)  has,  after  making  experiments,  adopted 
iji:  %  I  the  "  Coblyn"  type  of  steel  ties  to  replace  oak  ties.  In  thecompany's  re- 
4  -\  port  presented  at  a  meeting  in  May,  1888,  it  was  stated  that  renewals 
{if^jwith  these  ties  would  be  carried  on  as  needed,  and  by  small  sections. 
IjOCAl  Railways.— a  special  statement  received  in  May,  1888, 
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shows  that  the  Local  Railways  Company  laid  in  December,  1887,  500 
iron  ties  of  the  "  Bernard"  type,  covering  2,437  feet  on  the  line  from 
Jedoigne.  They  were  on  tangents  and  curves  of  large  radius,  also  on 
grades  and  curves,  to  98.4  feet  radi  us.  Mr.  Darte velde  was  the  engineer. 
The  ties  and  fastenings  were  of  steel,  but  the  chairs  were  of  iron.  The 
weight  per  tie  was  132  pounds,  and  there  were  6  ties  to  a  rail  length  of 
29.52feet.  The  cost  was  82.10  each  at  the  works.  The  rails  were  of 
flange  section,  6.1  inches  high,  weighing  60.3G  pounds  per  yard ;  the 
joints  were  suspended.  The  results,  etc.,  are  the  same  as  given  in  the 
statement  relating  to  the  Belgian  state  railways.  Trials  have  also 
been  made  with  the  "  Coblyn"  type  of  steel  ties. 

For  the  Charleroy  suburban  lines  the  company  has  adopted  the 
^'  Z-iron"  tie.  These  lines  are  9.3  miles  long,  one  meter  gauge,  with 
maximum  grades  of  6  per  cent,  and  curves  of  82  feet  radius.  There 
are  three  lines  5  on  two  of  them  the  traffic  consists  of  thirty  trains  per 
day,  and  on  the  third  line  fifty-four  trains.  The  lines  were  opened  in 
1887,  and  the  track  has  given  good  results  from  the  beginning,  especially 
in  regard  to  its  freedom  from  noise ;  there  were  12,82)  ties  in  service. 
The  lines  follow  the  country  roads,  and  the  track  is  in  some  places  in 
the  paved  streets,  and  in  other  places  on  waste  ground  along  the  side 
of  the  highway.  The  ties  weigh  111.1  pounds  each,  including  fastenings, 
and  cost  $1.30  each.  The  passage  of  trains  is  as  easy  and  quiet  as  on 
track  with  wooden  ties ;  the  crossings  are  laid  with  wooden  ties  and 
no  difference  is  noticed  when  the  trains  pass  from  track  with  metal  tics 
to  track  with  wooden  ties,  or  vice  versa.  This  is  claimed  to  be  due  to 
the  rigid  fastening  of  the  rails  by  a  taper  key. 

The  following  is  an  abstract  of  a  report  made  to  the  company  in  Oc- 
tober, 1888,  by  Mr.  F.  Grumieaux,  engineer  and  superintendent  of  the 
Charleroy  lines : 

The  lines  are  of  very  irregular  protile  ;  of  the  9.3  miles  total  length,  6.2  miles  pre- 
sent grades  of  3  and  even  6  per  cent.  The  rails  are  29.52  feet  long  ;  those  laid  in  the 
streets  weigh  60.3  pounds  per  yard  and  have  eight  ties  to  a  rail  length;  those  laid  at 
the  side  of  the  road  weigh  43.2  pounds  per  yard  and  have  ten  ties  to  a  rail  length. 
The  passage  of  trains  is  as  smooth  and  easy  as  on  track  with  wooden  ties,  as  can  be 
noted  at  crossings  where  wooden  ties  are  used.  The  taper  keys  first  used  were  too 
small ;  on  the  Lodelinsart  line,  where  there  is  a  grade  nearly  1.24  miles  long,  varying 
from  3.5  to  6  per  cent.,  down  which  the  engines  run  with  the  brakes  partly  applied, 
there  was  considerable  creeping  of  the  rails,  the  ends  of  the  rail  touching  one  anotlier 
and  the  ties  being  shifted  laterally  so  that  the  tangent  became  a  series  of  bends. 
This  part  of  the  track  was  relaid  in  June,  1888,  and  stronger  keys  were  used,  after 
which  there  was  neither  creeping  nor  displacement  of  the  track.  The  ties  takeu  out 
had  a  thin  coat  of  rust,  but  the  experience  was  then  too  short  to  allow  of  any  opiuiou 
to  be  formed  as  to  the  ultimate  effect  on  the  ties.  Some  Belgian  engineers  have 
affirmed  that  metal  ties  can  only  be  used  with  gravel  or  broken  stone  ballast,  as  ashes  ;| 
will  destroy  them  by  corrosion,  owing  to  the  sulphurous  matter  contained  in  this  ma-  - 
terial.  These  lines,  however,  are  ballasted  entirely  with  ashes,  and  the  future  will 
show  whether  the  opinions  of  these  engineers  arc  well  founded.  No  figures  could  be 
given  as  to  the  cost  of  maintenance  and  repairs,  and  in  fact  German  and  Dutch  en- 
gineers are  of  opinion  tbat  it'is  not  until  the  third  year  of  service  that  the  good  re-  > 
§ults  of  the  use  of  metal  ties  become  apparent^ 
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TIES. 

The  Severac  Ties  (Seo  plato  No.  10).—  The  '*Severac"  tie  consists  of  an  I-beam  with 
a  broad  plate  riveted  to  the  bottom  ;  this  plate  extends  the  whole  length  of  the  tie, 
and  is  turned  up  at  the  ends.  The  size  of  the  plate  on  plan  is  exactly  that  of  an 
ordinary  wooden  tie  and  the  height  and  width  of  the  closed  end  are  the  same  as  those 
of  a  wooden  tie,  so  that  the  volume  of  the  ballast  resting  on  the  bottom  plate  is 
practically  equal  to  the  volume  of  a  wooden  tie.  By  this  means  the  tie  itself  may  bo 
comparatively  light  lor  handling,  say  about  198  pounds,  and  very  heavy  when  in  place 
in  the  track,  being  more  lirm  or  stable  than  wooden  ties.  To  the  top  table  of  the 
|-beam  are  riveted  two  rail  chairs,  giving  the  rails  an  inward  inclination.  There  are 
two  projecting  lugs  on  each  chair:  the  outer  one  holds  the  outer  flange  of  the  rail, 
while  the  inner  one  has  a  taper  steel  key  driven  between  it  and  the  rail  flange. 

There  are  various  modified  forms  of  these  ties.  They  may  have  a  plate  riveted  on 
the  top  as  well  as  on  the  bottom  ;  or  they  may  be  rolled  with  a  narrow  top  flange  and 
a  wide  bottom  flange,  so  as  to  dispense  with  the  riveted  plate,  the  bottom  flanges  being 
cut  through  at  the  corners  and  bent  up  to  form  a  closed  end.  They  may  also  be  of  tee- 
section  CY  or  JL),  with  the  horizontal  flanges  bent  down  or  up,  as  the  case  may  be,  to 
close  the  ends.  This  form  may  be  used  for  narrow-gauge  lines,  the  horizontal  flanges 
being  bent  down  or  up  and  then  horizontally,  so  as  to  form  a  top  table  at  the  ends  and 
a  bottom  table  at  the  middle,  or  vice  versa;  this  is  advantageous  for  lines  where  it  is 
desirable  to  economize  in  the  width  of  the  ballast^  as  the  resistance  to  lateral  motion  is 
then  at  some  distance  from  the  ends  of  the  tie.  (This  is  one  of  the  special  features 
claimed  for  the  Standard  steel  tie,  now  being  tried  in  the  United  States.)  Another  form 
is  of  J,-section,  with  a  piece  of  angle-iron  riveted  to  each  side  of  the  top  of  the  web, 
under  each  rail,  forming  a  rail  seat.  Another  form  is  of  similar  section,  but  has  a  sad- 
dle piece  of  /\ -shape  at  each  rail ;  the  flat  top  rests  on  top  of  the  web  of  the  tie  and 
forms  a,  rail  seat,  while  the  horizontal  flanges  are  riveted  to  the  bottom  flanges  of 
the  tie.  The  fastening  intended  to  be  used  was  a  bed-plate  of  mild  steel  riveted  to 
the  tie;  there  were  two  lugs,  the  outer  one  holding  the  outer  flange  of  the  rail  and 
the  inner  one  being  bent  down  to  hold  the  inner  side  of  the  flange,  or  bent  back  when 
a  rail  or  tie  was  to  be  removed.  This  would  require  a  very  soft  metal  to  stand  this 
bending  and  rebending  without  cracking,  and  steel  made  by  the  Gilchrist  process 
was  considered  the  best  for  this  purpose.  The  fastenings  by  means  of  lugs  and  a  key 
have,  however,  given  excellent  results.  While  this  tie  weighs,  in  position  in  the 
ballast,  about  330  pounds  (metal  and  stone),  an  ordinary  w^ooden  tie  only  weighs 
about  154  pounds. 

The  inventor  had  the  following  objects  in  view  in  designing  this  form  of  tie:  (1) 
the  suppression  of  movable  fastenings,  so  that  the  tie  could  be  made  complete  at  the 
works,  the  track  men  only  requiring  a  hammer  for  the  bent  lug ;  (2)  the  same  base  and 
the  same  resistance  to  longitudinal  and  transverse  motion  as  a  w^ooden  tie  ;  (3)  easy 
ballasting;  (4)  the  maintenance  of  the  gauge  and  the  inclination  of  the  rails;  (5) 
easy  placing  and  removing;  (6)  ease  of  manufacture.  In  regard  to  this  last  point, 
however,  it  may  be  noted  that  the  ties  in  use,  with  eighteen  rivets  each,  represent  a 
good  deal  of  shop-work. 

These  ties  have  been  tried  on  the  Belgian  lines  of  the  Northern  Railway  of  France. 
The  Bernard  Ties  (See  plate  No.  10.) — Mr.  Bernard,  engineer  of  the  Belgian  division 
of  the  Northern  Railway  of  France,  has  invented  a  cross-tie  consisting  of  two  channel- 
irons  placed  back  to  back,  and  with  a  broad  bed-plate  riveted  to  the  bottom  at  each  end, 
each  plate  having  eight  rivets,  and  the  end  of  the  plate  being  turned  up  to  make  a 
closed  tie.  Each  rail  rests  on  a  chair  secured  to  the  top  of  the  channels  by  bolts,  the 
X  heads  of  which  are  on  the  under  side  of  the  top  flanges  of  the  channels.  A  special 
form  of  nut  is  used,  having  part  of  its  lower  face  plain  and  part  indented;  the  plain 
part  bears  on  a  washer  which  is  large  enough  to  leave  a  space  between  it  and  the 
•  bolt.  Il  this  space  is  a  spring  nut-lock  of  one  spiral ;  the  lower  part  of  the  spring 
has  a  lug  which  uto  into  a  hole  ic  the  rail  clamp,  and  the  upper  part  has  a  tooth  en- 
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gaging  with  the  teeth  ou  the  lower  face  of  the  nut  and  so  preventing  it  from  working 
loose.  The  tie  may  be  made  with  two  Z-irons  instead  of  channel-irons,  the  lower 
flanges  being  inward.  They  can  also  be  adajjted  for  double-headed  rails  by  using 
the  regular  chairs  for  this  form  of  rail  instead  of  the  flat  chair  for  flauge  rails. 

In  a  pamphlet  upon  his  patent  tie,  Mr.  Bernard  says: 

''The  tie  may  be  considered  as  formed  of  two  ties  united  ;  it  presents  two  bearing 
points  for  the  rail,  so  that  the  distance  between  these  ties  is  gained  in  the  general 
spacing  of  the  ties  and  their  number  can  be  reduced  33  per  cent.  The  distance  be- 
tween the  two  bolts  on  each  side  of  the  rail  is  12.16  inches.  For  eight  ties  to  a  rail 
length  of  29.52  feet,  the  joints  are  suspended,  and  the  arrangement  is  11.2  inches 
center  to  center  of  bolts  of  joint-ties,  and  34.2  inches  between  the  adjacent  bolts  of 
intermediate  ties,  except  that  the  distance  between  the  two  middle  tiesis35.12inches. 
For  six  ties  to  a  rail-length  of  29.52  feet,  the  joints  are  supported  and  the  arrange- 
ment is  41.68  inches  between  the  bolts  of  the  joint  and  shoulder  ties,  and  50.92 
inches  between  those  of  the  intermediate  ties.  The  weight  is  from  242  to 305.8  pounds, 
but  as  each  tie  of  this  type  is  equivalent  to  one  and  a  half  ordinary  ties,  the  com- 
parative weight  would  be  about  160  and  203  pounds  respectively.  *  For  the  spacing  of 
six  ties  to  a  rail-length  of  29.52  feet,  Mr.  Bernard  suggests  a  rail  about  6.4  inches 
high,  4.2  wide  over  the  flauge,  2.48  wide  at  the  head,  and  weighinor  about  86  pounds 
per  yard.  The  sixteen  rivets  per  tie  represent  a  good  deal  of  shop-work,  as  with 
the  'Severac  'tie." 

These  ties  have  been  tried  on  the  Belgian  State  railways  and  the  lines  of  the  local 
railways  company. 

The  Cohhjn  Ties  (See  plate  No.  10). — These  are  steel  cross-ties  of  approximately 
T-section,  but  with  a  deep  groove  along  the  middle  of  the  top  table;  the  edges  of 
the  top  table  are  turned  down  slightly  and  the  ends  are  closed.  For  standard  gauge 
lines  they  are  about  7.8  feet  long,  9.6  inches  wide  over  all,  3.64  inches  deep  in  the 
middle,  and  1.04  inches  at  the  sides,  .32  inch  thick  on  top,  and  weighing  about  U2.2 
pounds.  The  cost,  with  fastenings,  complete  for  rails  weighing  about  72.33  pounds 
per  yard  is  about  31-S9  per  tie.  For  meter-gauge  lines  they  are  about  5.9  feet  long, 
8  inches  wide,  3.5  inches  deep  in  the  middle,  and  .96  inch  deep  at  the  sides,  .32  inch 
thick  on  top,  and  weighing  about  61.6  pounds.  The  cost,  with  fastenings,  complete 
for  rails  weighing  about  42.25  pounds  per  yard  is  about  $1.26  per  tie.  A  special  form 
of  fastening  is  designed  to  be  used  with  the  heavier  flange  rails.  The  rail  rests  on  a 
chair  riveted  to  the  tie;  the  inner  side  of  the  flange  is  held  by  a  lug  projecting  1.6 
inches  over  it ;  on  the  outer  side  is  a  high  jaw  inclined  toward  the  rail ;  over  this  fits 
a  loose  cap,  with  its  inner  face  also  inclined,  and  having  a  vertical  groove;  a  taper 
wooden  key  is  driven  between  the  side  of  the  cap  and  the  web  of  the  rail  and  bears 
tightly  against  the  under  side  of  the  rail  head;  the  wood  swells  into  the  groove  in 
the  cap  so  that  the  key  can  not  work  loose.  The  several  parts  of  the  fastening  are 
stamped  at  the  works.  This  fastening  may  be  used  for  wooden  ties,  and  it  is  claimed 
that  the  use  of  the  tie  plate  will  increase  the  durability  of  wooden  ties  and  enable 
soft  woods  to  be  used. 

These  ties  have  been  tried  on  the  Liege  and  Luxembourg  Railway,  and  adopted  on 
the  Liege  and  Seraiug  Railway.  The  riding  over  metal  ties  with  the  fastening  de- 
scribed is  said  to  be  as  quiet  as,  if  not  quieter  than,  over  wooden  ties  with  ordinary 
clamp  or  spike  fastenings  holding  the  rail  by  the  flange;  this  is  attributed  to  the 
holding  of  the  rail  by  the  web  and  head  with  an  elastic  body,  which  absorbs  the  vibra- 
tions. These  ties  give  a  good  bearing  for  the  rail,  make  a  stable  track,  are  easily 
ballasted,  and  may  be  used  with  broken  stone  or  slag  ballast. 

The  Z-I^'on  Ties  (See  plate  No.  10).— These  ties  are  composed  of  two  rolled 
beams  of  Z-section,  with  vertical  web,  placed  side  by  side  with  the  lower  flanges 
inward.  At  each  end  is  placed  a  cast-iron  rail  chair  with  wings  projecting  down  into 
the  tie  between  the  two  beams;  three  rivets  passing  through  each  chair  and  the  webs 
of  the  beams  hold  the  pieces  firmly  together.  The  Z-irous  present  a  great  resistance 
to  vertical  bending  motion,  and  the  tie  is  very  strong.     The  weight,  including  fasten- 
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ings,  for  ordinary  track,  is  about  195.8  poiiuds,  and  for  rails  weighing  100  pounds  per 
yard  about  209  pounds.  The  Z-i't)ii8  for  these  heavy  ties  are  about  2.6  inches  wide, 
4.4  inches  deep,  and  .28  inch  thick.  The  rails  are  of  Hange  section,  and  are  given  tlie 
usual  inclination  by  the  seat  of  the  chair;  there  is  a  lug  on  each  side  of  the  i)late-, 
the  outer  lug  tits  over  the  outer  side  of  the  rail  Hange,  and  a  taper  key  is  driven  hori- 
zontally between  the  inner  lug  and  inner  side  of  the  rail  tlange;  to  prevent  the 
key  from  slacking  back  the  end  is  split,  and  may  bo  opened  with  a  chisel  when  driven 
home,  and  a  small  wooden  or  metal  wedge  niav  be  driven  into  the  split  end.  This 
makes  a  very  tight  and  secure  fastening  ;  the  rail  is  tixed  as  in  a  vise;  the  surfaces 
in  contact  being  extended,  there  is  no  wear  or  play,  and  consequently  no  vibration  or 
rattling.  It  is  estimated  that  the  proposed  ties,  weighing  209  pounds,  would  cost 
$2.45  each,  or  $4,740.75  per  mile  with  1,935  ties  per  mile;  white  oak  ties  would  cost, 
with  plates  and  fastenings,  $1.90  each,  or  about  $4,907  per  mile  with  2,580  ties  per 
mile.  The  reduced  annual  cost  for  maintenance  is  a  special  advantage.  It  is  calcu- 
lated that  the  annual  cost  per  yard  for  maintenance  would  be  with  the  metal  ties  21.7 
cents  for  ten  years,  17.15  cents  for  lifteen  years,  or  12.21  cents  for  thirty  years.  With 
wooden  ties  8  feet  2  inches  long,  12  by  6  inches  section,  it  would  be  30.62  cents  for  ten 
years,  and  22.92  cents  for  fifteen  years.  The  track  can  be  more  readily  and  quickly 
laid  than  with  rails  spiked  or  clamped  to  wooden  ties.  The  weight  of  the  tie  in  the 
track  is  increased  to  about  396  pounds  by  the  ballast  within  it,  and  it  is  very  easily 
tamped  and  ballasted.  These  ties  are  to  be  given  trials  in  various  countries.  The 
Congo  Railway  Company  (in  the  interest  of  the  Belgian  Government)  has  ordered 
these  ties  for  270  miles  of  road,  from  Matade  to  Stanley  Pool.  The  chief  engineer  of 
the  Ottoman  Railway,  of  Turkey  (owned  by  an  English  company),  has  recently 
been  in  Belgium  with  a  view-  to  replacing  the  wooden  ties  with  ''Z"  ties.  The  fol- 
lowing railways  also  intend  to  experiment  with  them:  Loando  and  Ambaca,  in  the 
Portuguese  territory  of  the  Congo;  Portuguese  State  railways;  Minho  and  Douro 
Railway,  Portugal;  South  and  Southeastern  Railway,  Portugal;  State  railways, 
France;  Egyptian  railways;  Bone  and  Guelma  Railway,  Algeria. 

SUMMARY  OF  METAL  TEACK  FOR  BELGIUM. 


Railway. 

Metal 

cross-ties, 

(about). 

State 

Miles. 
100.  00 

Great  Central .       .          .       

5  00 

.  75 

Local 

9.75 

Total 

115  50 

germa:n^y. 

General  Eemarks. — Germany  has  an  extensive  system  of  rail  ways, 
most  of  which  are  State  railways.  The  principal  system  of  the  German 
Empire  is  that  of  the  Prussian  State  railways,  which  are  owned  and 
operated  by  tlie  Prussian  Government;  the  S3^stem  is  divided  into 
divisions  corresponding  with  the  several  provinces  of  the  Prussian 
Kingdom.  The  railways  of  the  other  States  of  the  empire,  not  belong- 
ing to  Prussia,  are  owned  by  the  governments  of  these  States  as  a  rule. 
There  are  also  several  private  railways,  some  of  which  are  under  gov- 
ernment control.  The  lines  are  principally  of  standard  gauge,  4  feet 
8J  inches. 

In  this  country  very  extensive  experiments  with  metal  track  have 
been  made,  the  experiments  extending  over  a  number  of  years  and  in- 
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cludiug  trials  of  various  types  of  track.  Tbe  experieDce  has  been  in 
general  in  favor  of  the  metal  track,  and  has  led  to  its  being  adopted  in 
some  cases.  The  first  experiments  were  made  in  1862,  and  in  1880-81 
there  were  2,875.5  miles  laid  with  metal  track,  equal  to  8.1  j)er  cent,  of 
the  total  mileage  then  in  operation.  In  January,  1885,  there  were 
3,234.51  miles  laid  with  metal  cross-ties,  and  3,145.20  miles  with  metal 
longitudinals,  a  total  of  6,379.80  miles  of  metal  track, representing  16.52 
j)er  cent,  of  the  total  length  of  single  track,  which  was  then  38,608 
miles.  The  following  table,  showing  the  growth  of  different  classes  of 
track  on  German  railways,  from  1878  to  1884,  is  from  tbe  report  of  Mr. 
Bricka  to  the  minister  of  public  works  (France),  and  to  it  I  have  added 
the  ofhcial  figures  for  1888 : 

Mileage  of  German  raihcays,  1878-1884. 


Year. 

Mainlines. 

Local  lines. 

Total  1  rack. 

Wooden 
ties. 

iletallongi 
tuclinals. 

Stone, 
ilclal  ties,     blocks, 
:       etc. 

1878 

18,645.88 
19,041.44 
18,  886.  44 
18,  978.  82 
19,001.76 
18,  982.  54 
18,931.70 
19,109.10 

83  i.  28 

1,  582.  80 
1,988.90 

2,  16.5.04 

2,  582.  92 

3,  059.  70 
3,  642.  50 
5, 107.  50 

33.  343.  (0 

34,  904.  70 
3.5,  .522.  90 

36,  061.  08 
30,  906. 12 

37,  697.  86 

38,  008.  02 
41,  290.  76 

32,  OOS.  74 
32,  621.  30 
32,  3!)9. 34 
32,  1 .5(1.  72 
32.  0s8.  72 
32,  008.  74 
31,914  50 
32, 147.  62 

902. 10 
1,574.18 
1,980.28 
2,  359.  72 
2,  604.  00 

2,  892.  92 
3, 145,  26 

3,  562.  52 

175.46           257.30 

1879 

489.18           220.10 

828.32           314.96 

1,240.00           311.24 

1,905.26           308. 14 

18«0 

1881 

1882    

1883 

2,485.58           310.62 
3,234.54           313.72 
5,  224. 12           356.  50 

1884           

1888 

During  the  past  decade  there  has  been  considerable  activity  in  the 
introduction  of  metal  track,  and  the  results  have  been  in  general  thor- 
oughly satisfactory.  This  experience  is  of  more  practical  value  than 
that  of  the  earlier  experiments,  as  the  earlier  forms  of  track  were  natu- 
rally deficient  in  many  ways,  while  the  more  recent  forms  have  been 
designed  in  accordance  with  the  teachings  of  experience  and  have  been 
in  service  under  modern  conditions  of  traffic.  Both  longitudinals  and 
cross-ties  h.^ve  been  tried  on  an  extensive  scale,  but  the  former  are  not 
being  used  to  any  extent  for  new  work,  while  large  quantities  of  cioss- 
ties  are  being  introduced  continually.  It  is  stated  on  authority  that  on 
new  lines  and  on  such  old  lines  as  are  to  be  thoroughly  repaired,  the 
Hilf  system  of  longitudinals  is  not  to  be  used  any  more,  and  the  Haar- 
mann  system  of  longitudinals  only  to  a  limited  extent.  The  reasons 
given  are  that  the  maintenance  is  difficult  and  the  construction  and 
drainage  of  the  road-bed  especially  difficult.  As  regards  the  life  of  the 
ties,  that  is  a  point  as  yet  undetermined;  the  earlier  forms  of  ties  were 
too  weak  for  modern  conditions  of  traffic,  and  those  fitted  for  such  con- 
ditions have  only  been  in  service  for  from  five  to  ten  years.  On  the 
Elberfeld  division  of  the  Prussian  State  railways  (Westphalia),  it  is 
considered  that  metal  ties  will  not  have  a  longer  life  than  wooden  ties 
(fifteen  years  maximum) ;  but  in  view  of  the  experience  with  the  earlier 
ties  and  of  the  durability  of  steel  rails,  etc.,  this  estimate  can  hardly  be 
considered  as  correct.  Mr.  Gustav  Meyer,  chief  engineer  of  the  Prus- 
sian State  railways,  is  of  opinion  that  the  life  of  metal  cross-ties  of 
modern  design  may  be  estimated  as  at  least  double  that  of  the  best 
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wooden  ties,  or  thirty  to  forty  years.  Metal  ties  have  been  definitely 
adopted  on  some  lines. 

Wooden  ties  are  still  used  to  a  very  great  extent,  partly  owing  to  the 
policy  of  the  government  to  foster  and  develop  the  forests  and  encour- 
age the  forest  industries,  and  partly  on  account  of  their  smaller  first 
cost.  The  native  forests  can  not  supply  nearly  enough  timber  to  meet 
the  demands,  and  large  quantities  of  wooden  ties  are  imported  annually. 
The  appropriations  for  railways  in  1888  included  about  $2,500,000  for 
wooden  ties  and  only  $1,000,000  for  metal  ties,  and  it  was  estimated 
that  the  importation  of  wooden  ties  amounted  then  to  $450,000.  This 
has  roused  the  iron  and  steel  manufacturers,  who  have  called  the 
attention  of  the  government  to  the  fact  that  metal  ties  are  a  success 
in  point  of  efficiency  and  economy,  and  they  have  petitioned  the  gov- 
ernment to  provide  for  a  more  rapid  introduction  of  such  metal  track 
in  the  interests  of  the  iron  industries.  Large  quantities  of  metal  ties 
are  made  for  export ;  according  to  a  report  by  Mr.  Tanner,  United  States 
consul  at  Chemnitz,  Germany  exported  20,991  tons  of  steel  ties  in  1885 
as  compared  with  17,000  tons  in  1884. 

It  has  been  stated  sometimes  in  the  technical  and  daily  press  that  the 
metal  track  has  not  proved  satisfactory,  and  is  being  either  discontin- 
ued or  actually  removed.  The  perusal  of  the  following  pages  will  show 
clearly  that  the  metal  track  is  a  success  and  that  a  supposed  economy 
is  the  main  reason  for  the  comparative  slowness  with  which  it  is  being 
further  introduced.  The  fact  of  the  use  of  metal  ties  at  switches  and 
frogs  on  the  Prussian  state  railways  (see  the  end  of  the  part  of  this 
report  relating  to  Germany)  is  an  evidence  of  the  efficiency  of  the  track 
and  the  favor  with  which  it  is  regarded.  In  the  only  instance  where 
metal  track  has  been  abandoned  (on  the  Altona  division  of  the  Prus- 
sian State  railways)  it  is  officially  stated  that  local  conditions  of  the 
ballast  and  road-bed,  and  not  any  deficiencies  of  the  track,  have  led  to 
this  action.  The  tracks  laid  with  wooden  ties  are  being  improved  by 
the  extensive  introduction  of  heavy  metal  tie-plates  and  improved  fast- 
enings for  the  rails.  The  wooden  ties  are  usually  treated  with  some 
preservative  process.  The  administration  of  the  Saxony  State  rail- 
ways report  that  wooden  ties  are  used  almost  exclusively  upon  these 
lines. 

The  extent  of  metal  track  on  the  Prussian  State  railways  in  1886 
and  1887  was  as  follows: 


1885-'8G. 

1886-'87. 

Cr„s,.,ies.    ^-SS"' 

Cross-ties. 

Lon<ritudi- 
nals. 

Main  traclis *. ". 

Side  tracks 

Miles.             Miles. 
2,  480  !            2,  232 
248                  124 

Miles. 
2,  870.  60 
260.  40 

Miles. 
2,  275.  40 
124  on 

Total 

2,  728              2,  356 

3  131   00           2  Sf-Q  4.0 
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New  material  was  used  as  follows: 


Iron  ties  and  longitudinals. 


Year. 


Tons. 


Total  cost. 


1885-'86 1  40,214  ;$1,  356.  067.  00 

3886-'87 1  31.913     1,041,760.75 


Cost  per 
ton. 


Wooden  ties. 


Number,  i    Total  cost.    !  ^^.f  P^^ 


$33.  75 
32.75 


1,510,806 
1,581,  169 


$1,7 -4,  ."4').  25 
1,  876,  552.  50 


51.18 
1.15 


The  following  table  gives  the  quantities  of  wooden  and  iron  ties  laid 
in  1886,  1887,  and  1888: 


Prussian  state  railivays. 

Year. 

Wooden 
ties. 

Metal  ties. 

Wood. 

Metal. 

1885-'86 

No. 
1,  507,  263 
1,  58J,  877 
1,  654,  304 

N'o. 

672,  086 
522,  470 
493,  623 

Per  cent. 
69. 16 
75.18 

77.02 

Per  cent. 
30  84 

1886-'87 

1887-'88 

24.82 
22.98 

All  raihcaijs  in  Germany. 

1 885-'86 I     2,  402,  004 

1886-'87 i     2,544,992 

1887-88 I     2,677,424 


70.97 
74.56 

78.10 


29.03 
25.44 


The  following  table  gives  the  comparative  mileage  of  different  classes 
of  track  from  1880  to  1 885  : 


Cross-tiea. 

Longitudi- 

Total mileage. 

Year. 

Wood. 

Iron. 

Mileage. 

nals — iron 
(mileage). 

Cro3.'5-ties. 

Longi- 
tudinals. 

1880-81 

Per  cent. 
96.73 
95.  39 
93.51 
91.90 
89.97 

Per  cent. 
2.43 
3.74 
5.63 
7.23 
9.18 

33,  442 

33,  704 

34,  270 

34,  873 

35,  416 

2.  046.  5 
2,  422.  0 
2,  636. 5 

2.  957.  3 

3,  219.  3 

Per  cent. 
94.10 
93.18 
92.76 
92.10 
91.  55 

Per  cent. 
5.76 

1881-82            

6.70 

1 882-'83 

7.14 

1883-'84 

7.81 

1884-85 

8.32 

Note.— Small  balance  of  length  not  accounted  for. 

About  June,  1880,  the  following  note  on  this  subject  appeared  in 
"  Kuhlow's  German  Trade  Review  :" 

Metallic  v.  Wooden  Ties  in  Germany.— As  far  back  as  last  year  the  North- German 
group  of  the  German  Iron  and  Steel  Manufacturers'  Union  and  the  German  Ironmas- 
ters' Union  addressed  a  petition  to  the  minister  of  public  Nvorks,  in  which  the  latter 
was  requested  to  take  steps  so  that  the  use  of  wooden  ties  should  not  only  not  be- 
come greater,  but  that  the  substitution  of  iron  or  steel  ties  for  wood  might  be  con- 
tinued, as  was  the  case  in  the  previous  year,  and  to  proceed  with  the  view  to  having 
everything  connected  with  the  railway  lines  only  of  iron  and  steel.  The  societies 
above  named  have  recently  again  addressed  themselves, to  the  minister  with  the  re- 
quest that  the  latter  do  all  in  his  power  to  put  an  end  to  the  importation  of  foreign 
wooden  ties,  and  to  supply  the  deficiency  thus  created  by  an  increased  use  of  iron 
ties.     The  petitioners  assigned  a  number  of  reasons  for  their  action.     The  increase  in 
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the  use  of  iron  ties,  vrbicb  on  the  Prussian  railways  was  11^  per  cent,  on  the 
quantity  iu  use  in  1883-'84,  was  only  .53  per  cent,  on  the  other  railways  of  German}^, 
while  the  German  forest  owners  derived  no  benefit  therefrom,  as  can  be  proven  by 
the  tignres  representinj;  the  yearly  importation  from  abroad  of  wooden  ties.  The 
amount  of  wages  lost  by  German  railway  workmen  consequent  upon  importing  ties 
from  abroad  is  calculated  at  |1, 392,187. 50  and  the  loss  caused  by  the  diminution  in 
the  trattic  on  the  state  railways  at  |;371,250.  A  reply  to  the  petition  has  just  been 
received  from  the  minister  of  public  works,  in  which  he  states  that  he  is  very  glad 
when  he  can  encourage  the  use  of  iron  ties  on  the  Prussian  railways  as  formerly ,  but 
he  is  not  in  a  position  to  accede  to  the  request  of  the  petitioners  to  exclude  as  far  as 
possible  the  wooden  ties.  The  wooden  ties,  particularly  after  the  new  improvements 
in  the  tie-plates  and  track  fastenings,  have  proved  themselves  to  be  especially  suit- 
able as  supports  for  the  rails,  while  the  iron  ties  hitherto  supplied  have  not  suffi- 
cientlj'  justified  their  use  on  those  portions  of  the  line  in  which  a  line  or  impervious 
material  for  ballast  has  to  be  reckoned  with.  When  iron  ties  are  produced  which 
will  obviate  the  difficulties  attendant  on  their  use  in  the  cases  named  a  large  increase 
in  their  application  will  take  place  even  on  those  Hues  on  which  they  have  been 
hitherto  used  only  to  a  limited  extent. 

Prussian  State  Railways. — Berlin  division  {province  of  Branden- 
burg).— Metal  longitudinals  of  tbe  "  Hilf  "  and  "  Haarmann  "  types  are 
used  (See  plate  No.  12),  and  at  the  end  of  1884  there  were  473  miles  of 
this  class  of  track  in  service.  The  Haarmann  longitudinal,  as  now 
used, is  in  lengths  of  29.49feet,  weighing 508.95 pounds,  orSl. 75  pounds 
per  yard;  it  has  the  middle  part  abou'o  4  inches  wide,  2.08 inches  deep, 
and  .36  inch  thick,  with  a  rib  on  each  side  of  the  top  table,  forming  a 
groove  for  the  flange  of  the  rail ;  the  flanges  of  the  longitudinal  are  in- 
clined downwards  toward  the  outer  edge  at  a  slope  of  1  in  12  and  the 
edges  are  bent  down  vertically  to  a  depth  of  1.18  inches;  the  width  over 
the  flanges  is  12.8  inches.  The  rail  clamps  are  short  channel  plates  (c  ), 
with  the  top  flange  bearing  on  the  rail  and  the  bottom  flange  on  the 
inner  side  of  the  longitudinal ;  the  two  clamps  are  held  together  by  a 
bolt  .76  inch  diameter  passing  through  the  clamps  and  through  the 
upper  part  of  the  longitudinal,  under  the  rail.  At  the  joints  the  ends  of 
the  longitudinals  rest  on  a  saddle  plate  of  inverted  channel  section, 
with  a  deep  groove  rolled  in  the  top  table,  which  Is  inclined  so  as  to 
make  the  outer  side  of  the  longitudinals  higher  than  the  inner  side, 
and  so  give  the  rail  the  usual  inward  inclination.  The  lower  flanges  of 
the  rail  clamps  pass  through  the  top  of  the  saddle,  taking  a  bearing  on 
the  under  side  of  the  top  table.  The  saddle  is  secured  to  a  bed  plate 
19.28  inches  wide  and  .40iQch  thick,  by  bolted  clamps  on  the  Ruppel 
plau  (See  plate  No.  13).  The  rails  are  of  flange  section,  weighing  59.7 
pounds  per  yard ;  they  are  29.52  feet  long  and  5  inches  high,  with  a 
flange  3.40  inches  wide.  The  rail  joints  are  spliced  by  deep  angle-bars 
having  a  vertical  web  projecting  below  the  rail.  The  weight  of  the 
track  complete  is  1,616.55  pounds  per  rail  length,  or  179.63  j)Ounds  per 
yard.     This  system  of  metal  track  is  used  on  the  Berlin  City  Railway. 

The  Haarmann  combined  rail  and  longitudinal  has  also  been  tried 
for  a  length  3.1  miles.  This  compound  rail  (See  plate  No.  12)  was  a 
large  flange  rail  composed  of  two  pieces  placed  side  by  side ;  it  was  8 
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inches  high  over  all,  12  inches  wide  over  the  flange,  with  a  head  2.4 
inches  wide  ;  the  two  parts  were  connected  by  two  rows  of  rivets,  and 
the  joints  were  spliced  by  angle-bars  16  inches  long,  with  eight  bolts 
in  two  rows.  The  two  parts  of  each  rail  broke  joint  by  20  inches. 
Flat  tie-bars,  with  ends  bent  at  right  angles  and  secured  by  bolts  pass- 
ing through  the  webs  of  the  rails,  were  ])laced  at  intervals  of  9  feet  10^ 
inches.     The  weight  of  this  track  was  273  pounds  per  yard. 

The  following  is  Mr.  Bricka's  statement  of  the  track  of  this  division 
at  the  end  of  1684 : 

Miles. 

Main  Hues 1,  414.  '2'2 

Local  lines 1G3.  6;:^ 

Total  track 2,76*2.7-2 

AVooden  ties 2,  276.  64 

Metal  longitudinals 47:^..  00 

Metal  ties 1.  24 

Stoue  blocks,  etc 11.  7-; 

Two  systems  of  track  are  adopted  for  thebiidges  of  the  city  railway, 
for  the  purpose  of  deadening  the  noise  :  (1)  The  rails  rest  on  iron  lon- 
gitudinals, of  the  Haarmanu  type,  connected  by  iron  cross-tie  connec- 
tions, wooden  packing  blocks  being  placed  between  the  two  parts.  A 
water-tight  casing,  hung  below  the  floor,  receives  all  water  and  drainage 
and  is  covered  with  a  thin  layer  of  gravel  to  deaden  the  noise  from 
vibration.  The  wooden  blocks  are  difficult  to  maintain.  (2)  The  longi- 
tudinals are  bedded  in  gravel  laid  in  troughs  along  the  bridge,  the  toi> 
of  the  longitudinal  being  level  with  the  top  of  the  trough.  The  floor  is 
of  buckle  plates  covered  vrith  gravel.  This  track  is  heavy  and  altera- 
tions cannot  easily  be  effected  for  frogs  and  switches,  while  it  is  diffi- 
cult to  tamp  the  longitudinals  properly. 

Prussian  State  Eailways. — ElberfeJd  division  [province  of  West- 
plialia), — This  division  includes  most  of  the  lines  in  the  industrial  dis- 
trict of  the  Khine,  in  Westphalia,  and  has  a  heavy  traffic  on  its  princi- 
I)al  lines.  It  also  includes  the  former  Berg  and  Mark  Railway,  the 
name  of  which  is  well  known  in  connection  with  metal  track,  this  road 
having  been  one  of  the  first  to  experiment  on  a  large  scale  with  such 
track.     The  following  is  Mr.  Bricka's  statement  of  the  track  for  1884: 

Miles. 

Main  lines 5^7.  76 

Local  hues ir.i).  06 

Total  track 1,590.30 

Wooden  ties 012.02 

Metal  longitudinals 41.  54 

Metal  ties (5^9. 30 

Stone  blocks,  etc "7.^^ 

The  first  trials  made  in  Germany  with  metal  ties  were  made  on  the 
old  Berg  and  Mark  Railway.  The  trials  were  commenced  in  1869,  with 
ties  of  the  original  •'  Vautherin  "  type  ;  these  were  3.2  inches  wide  on 
top,  (j.8  inche.s  wide  inside  on  the  bottom,  and  9.2  inches  wide  over  the 
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flanges  ;  2.4  inches  deep  ;  the  sides  and  top  were  .24 inch  thick  and  the 
tian«ies  .32  inch  thick;  the  weight  was  40.70  pounds;  the  ends  were 
open.  This  type  not  proving  satisfactory,  clianges  were  made  which 
led  to  the  designing  of  the  '^  Berg  and-Mark"  (or  Bergisch-Markische) 
type  of  tie.  It  is  a  nuHlitication  of  the  '*  YautLerin"  type,  doing  away 
with  tlie  narrow  horizontal  Hanges  at  the  bottom,  and  having  the  lower 
part  of  the  sides  bent  to  a  vertical  position  (See  plate  No.  12).  The  tie 
was  7.5  feet  long,  5.2  inches  wide  on  top,  0.2  inches  wide  on  the  bottom, 
and  2.4  inches  deep,  with  the  sides  vertical  for  1  inch  from  the  bottom  ; 
the  thickness  was  .24  inch  at  the  bottom,  increasing  to  .3(5  incli  at  the 
top,  and  on  the  under  side  of  the  top  table  was  a  rib  1.44  inches  wide, 
making  tlie  thickness  .52  inch  to  give  extra  strength  at  the  holes  for 
the  fastenings.  The  tie  was  horizontal  for  a  length  of  3  feet  3-|  inches 
at  the  middle,  and  then  inclined  upward  1  in  20  to  the  ends,  which  were 
closed  by  bending  over  the  top  table.  The  weight  of  the  tie  was  98 
pounds,  and  of  the  fastenings  5.4  pounds,  makinga  total  of  103.4  pounds 
per  tie.  The  rails  were  of  tlange  section,  weighing  0(3  pounds  per  yard, 
and  having  a  flange  4  inches  wide.  The  fastenings  of  each  rail  consisted 
of  three  gibs  and  a  cotter  (See  plate  Xo.  13).  The  outer  flange  was  held 
by  a  gib,  tlie  lower  side  of  which  bore  on  the  inside  of  the  tie;  a  sim- 
ilar gib  held  the  inner  flange,  and  a  small  gib  was  placed  against  the 
opposite  side  of  the  hole  in  the  tie,  so  as  to  give  a  good  bearing  for  the 
cotter,  which  was  driven  down  vertically  between  these  two  gibs. 
The  cotter  was  about  OJ  inches  long,  eleven-sixteenths  inch  thick — 13^2 
inches  wide  at  top  and  thirteen-sixteenths  inch  wide  at  IgA,  inches  from 
the  end,  thence  tapering  to  a  point ;  the  side  furthest  from  the  rail  was 
perpendicular  to  the  top  of  the  tie.  The  gibs  were  all  eleven-sixteenths 
inch  thick  ;  the  outer  and  the  small  inner  gibs  were  made  in  three  dif- 
ferent widths,  to  allow  for  the  adjustment  of  the  gauge  at  curves,  etc. 
At  the  rail  joints  the  ties  were  spaced  20.4  inches  apart,  center  to  cen- 
ter. 

Metal  ties  only  are  iioav  used  for  main  lines;  metal  and  wooden  ties 
are  used  for  branch  and  local  lines.  The  ties  for  main  lines  are  of  the 
modified  Berg-and- Mark  type  (See  plate  Xo.  12).  They  are  8.2  feet 
long,  4.4  inches  wide  on  top,  8.72  inches  wide  inside  at  the  bottom,  and 
0.30  inches  wide  over  the  ribs  on  the  bottom  edges  ;  they  are  3  inches 
deep,  with  the  sides  nearly  vertical  for  1.5  inches  from  the  bottom  ;  the 
sides  are  .28  inch  thick ;  the  top  table  is  .36  inch  thick,  with  a  strip 
along  the  middle  .52-inch  thick  for  a  width  of  1.44  inches,  the  extra 
metal  being  added  on  the  under  side.  The  middle  part  of  the  tie  is  hori- 
zontal for  a  length  of  3  feet  3|  inches,  and  is  then  inclined  upward  1 
in  20  to  the  ends,  which  are  closed  by  bending  down  the  top  table. 
Tlie  weight  is  119.24  pounds  per  tie.  There  are  10  ties  to  a  rail  length 
of  29.52  feet;  the  joint  ties  are  spaced  24  inches  apart  center  to  center, 
and  the  intermediate  ties  37.04  to  37.08  inches  apart.  The  rail  fasten- 
ings are  gibs  and  cotters  arranged  as  above  described;  the  onter  gib 
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weighs  .75  pound,  the  inner  gib  .6S  pouud  j  the  small  gib  .26  pound,  and 
the  cotter  .97  pound.  The  rails  are  of  flange  section,  29.52  feet  long, 
weighing  67.2  pounds  per  yard  ;  they  are  5.36  inches  high,  and  have  a 
flange  4.20  inches  wide.  The  weight  of  the  track  is  2,696.93  pounds  per 
rail  length,  or  274.08  pounds  per  yard.  The  ties  for  local  lines  are  of 
the  original  Berg-and-Mark  type;  8.2  feet  long, 5.2  inches  wide  on  top, 
9.2  inches  wide  on  the  bottom,  2.4  inches  deep,  with  the  sides  vertical 
for  1  inch  from  the  bottom ;  the  sides  are  .28-incli  thick,  and  the  top 
table  .36-inch  thick,  with  a  rib  along  the  under  side,  making  it  .52-inch 
thick  for  a  width  of  1.44  inches.  They  are  bent  to  shape  and  have  the 
ends  closed  in  the  same  waj'  as  the  heavier  ties.  The  weight  is  106.26 
pounds  per  tie,  and  the  track  weighs  2,567.13  pounds  per  rail  length,  or 
260  pounds  per  yard. 

The  following  is  a  detailed  statement,  furnished  in  July,  1888,  by  the 
officers  of  the  division  for  the  purpose  of  this  report : 

This  division  includes  the  former  Berg-and-Mark  Railway,  and  in  1887  it  comprised 
about  806  miles  of  line,  with  about  1,649.20  miles  of  main  and  side  tracks,  laid  as 
follows  : 

Miles. 

Wooden  cross-ties 790.  50 

Metal  cross-ties 76'2.  60 

Metal  longitudinals 93.  00 

The  lines  are  divided  into  two  classes,  according  to  their  tratitic  ;  main  lines,  gen- 
erally with  double  track,  with  a  maxinumi  grade  (exceptionally)  of  1  in  75,  or  1.33 
per  cent.,  and  a  minimum  curvature  of  934  feet  radius;  local  or  branch  lines,  with 
single  track,  a  maximum  grade  of  1  in  40,  or  2.5  per  cent.,  and  a  minimum  curvature 
of  590.40  feet  radius. 

The  first  trial  of  iron  cross-ties  was  made  in  1869  by  the  Berg-and-Mark  Railway. 
In  1874  they  were  used  to  a  larger  extent,  and  in  1877  a  further  introduction  of  them 
was  commenced.  Iron  longitudinals  have  not  been  laid  on  the  lines  of  this  division, 
but  in  1880,  when  all  the  Prussian  railways  were  acquired  by  the  Government,  the 
boundaries  were  extended,  and  so  included  parts  of  some  lines  using  these  longitudi- 
nals. On  main  lines  the  traffic  is  about  one  hundred  and  sixty  trains  per  day  (on 
double  track),  at  speeds  of  46.5  miles  per  hour  for  passenger  trains  and  27.9  miles  per 
hour  for  freight  trains ;  the  six-wheel  eugiues  weigh  about  42  tons,  with  7  tons  on  the 
driving  wheels.  On  branch  lines  the  traffic  is  from  twenty-five  to  thirty-  trains  per 
day,  at  a  speed  of  18.60  miles  per  hour  for  passenger  and  freight  trains.  The  six- 
wheel  engines  weigh  about  30  tons,  with  5  tons  on  the  driving-wheels. 

The  ties  are  now  made  of  mild  steel,  and  for  their  manufacture  the  basic  process  of 
Thomas  Gilchrist  has  recently  been  used ;  no  preservaiive  process  has  been  used  ;  the 
ties  are  laid  in  the  condition  they  leave  the  rolls,  and  there  is  very  little  trouble  fmm 
rust.  They  are  manufactured  by  a  number  of  works,  proposals  being  advertised  for 
in  the  usual  way.  The  cost  at  the  mills  in  1888  was  from  S27.50  to  $30  per  ton,  or 
about  $1.50  to  $1.62^  per  tie  for  main  lines  and  $1,324^  to  81.45  per  tie  for  branch  lines. 
The  gibs  and  cotters,  being  of  wrought-iron,  cost  at  the  same  time  1572.50  per  ton. 
The  cost  of  maintenance  of  the  ties  is  very  small,  as  the  works  furnishing  the  ties  must 
give  a  guaranty  for  two  years,  replacing  every  tie  which  becomes  damaged  during 
this  time.  If  a  tie  has  internal  defects  which  escape  notice  at  the  inspection,  they 
will  show  themselves  within  two  years,  and  it  is  found  that  after  that  any  failure 
of  the  ties  now  used  is  very  rare.  On  the  otlier  hand,  the  labor  for  the  uinintennnce 
ot"  track  on  metal  ties  is  considerable,  and  is  greater  as  the  ballast  is  less  hard  and  less 
porous,    This  is  especially  the  case  during  the  first  few  years,  until  the  track  has  set- 
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tied  to  a  firm  bearing.  It  seems,  therefore,  that  metal  ties  re<inire  the  best  broken 
stone  ballast,  and  with  this  material  the  cost  of  maiutonaiice  of  track  ou  metal  ties  is 
scarcely  greater  than  that  of  track  ou  woodeu  ties,  especially  as  the  item  ot  reuewals 
(necessary  for  woodeu  ties  iu  a  few  years)  is  eliminated.  Exact  comparisons  between 
the  cost  of  nuiiutenance  of  track  on  metal  and  woodeu  ties  on  this  division  cannot  be 
made,  as  the  expenses  are  not  separated,  and  there  are  wooden  ties  only  on  braucli 
lines  and  on  main  lines  with  little  tratiic.  All  tracks  having  considerable  traffic 
are  now  laid  with  metal  ties.  There  has  been  no  experience  as  to  the  life  of  metal 
ties.  With  the  preseut  form  of  tie  there  are  no  breakages  under  ordinary  circum- 
stances, and  there  is  no  weakening  by  rust  discernible,  not  even  with  the  older  ties. 
Wherever  a  renewal  has  been  necessary  it  has  been  on  account  of  the  enlargement  of 
the  holcfs  iu  the  tie  by  wear  or  of  a  crack  between  the  holes.  In  no  case  can  it  be  said 
that  metal  ties  last  longer  than  wooden  ties. 

[In  this  connection,  however,  it  may  be  remarked  that  wooden  ties  in  Europe  have 
a  much  longer  life  than  in  this  country,  from  fifteen  to  twenty  years  or  more,  owing 
to  the  use  of  rail  chairs,  broad  tie-plates,  and  preservative  processes. — E.  E.  R.  T.  ] 

As  remarked  above,  metal  ties  require  ballast  of  the  best  quality.  On  this  division 
broken  stone  of  a  hard  and  durable  character  is  used ;  this  material  costs  from  62^ 
ceuts  to  $1.12^  per  cubic  yard  according  to  locality,  while  gravel  ballast  for 
wooden  ties  costs  only  25  to  62|  cents  per  cubic  yard.  The  experience  here  is  that 
metal  ties  have  a  tendency  to  grind  the  softer  ballast  to  dust,  which  in  wet  weather 
becomes  mud.  If  the  ballast  consists  of  soft  clayey  gravel,  the  cost  of  maintenance  is 
proportionately  greater.  Without  ballast  metal  ties  could  not  be  used  at  all.  [They 
are,  however,  successfully  used  under  such  conditions  in  Australia.  See  "Queens- 
laud."— E.  E.  R.  T.]  On  the  other  hand,  ballast  of  hard  broken  stone  forms  a  solid  hard 
body  in  the  interior  of  the  tie,  which  contributes  considerably  to  the  firm  beddiug  of 
the  track.  For  main  lines  there  is  a  bottom  course  of  large  stones  and  the  smaller 
niaterialis  brought  up  level  with  the  tops  of  the  ties;  it  is  21.97  feet  wide  on  top 
(lor  double  track),  with  side  slopes  of  1  to  1|  and  a  depth  of  14  iuches  at  the  middle; 
the  subgrade  is  crowned  to  an  inclination  of  1  in  25.  For  local  lines  the  style  of 
construction  is  the  same;  10.5  feet  wide  on  top  with  side  slopes  of  1  to  1,  and  a  thick- 
ness of  6  inches  under  the  tie  at  the  middle.  The  attachments  of  the  rail  do  not  cause 
any  difficulty ;  on  the  contrary,  the  position  of  the  rails  is  more  securely  maintained 
than  with  woodsn  tie-;,  and  any  loose  fastenings  can  be  easily  tightened  by  driving 
the  cotters,  while  with  wooden  ties  respiking  would  be  necessary. 

An  impulse  to  the  general  use  of  iron  ties  on  this  division  was  given  by  the  hard 
times  of  the  home  iron  industry  at  the  end  of  the  last  decade;  in  consequence  of 
which  the  prices  were  so  low  that  iron  ties  were  actually  cheaper  than  wooden  ties, 
■which  had  to  be  imported,  as  the  home  forests  could  not  supply  a  sufificient  quantity. 
The  use  of  metal  ties  was  also,  partly  from  a  patriotic  motive,  to  help  the  iron  indus- 
try. The  experience  with  these  ties  was  in  general  satisfactory,  and  their  use  was 
therefore  continued.  The  dephosphorizing  of  the  poorer  German  ores  by  the  Thomas 
Gilchrist  process  has  also  been  favorable  to  the  use  of  metal  ties  by  reducing  the 
price  for  mild  steel.  Oak  ties  for  main  lines  cost  $l.37|  each,  or  $1.50  if  impregnated 
■with  chloride  of  zinc;  for  branch  lines  some  impregnated  beech  ties  have  been  used, 
costing  96  cents  each.  The  life  of  wooden  ties  varies  between  five  and  fifteen  years; 
a  life  often  years  is  rare  even  for  oak  ties,  as  on  account  of  the  occasional  respiking 
they  become  weakened,  even  if  still  sound.  The  value  of  old  material  must  be  taken 
into  account;  for  while  old  wooden  ties  are  practically  of  no  value,  old  iron  ties  can  be 
Bold  for  $ll.25|  to  $12.50  per  ton,  or  about  62|  cents  each.  On  the  whole,  metal  ties 
appear  to  be  as  serviceable  as  wooden  ties ;  a  disadvantage  consists  in  their  less  elas- 
ticity, as  riding  over  them  feels  harder  to  the  passengers;  but  theyhave  the  advantage 
of  a  firm  and  accurate  rail  fastening.  The  climate  is  uniform  and  moist,  having  about 
the  same  effect  upon  wooden  aud  metal  ties.  On  the  strength  of  our  experience  we 
can  consider  metal  ties  only  equal  to  the  best  wooden  ties.  It  '^'ill  depend  upon  local 
circumstances  whether  their  use  will  be  economical  j  if,  as  in  our  district,  the  first 
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cost  is  not  much  higher,  and  if  there  is  good  material  for  ballast  available  at  a  Ion- 
i)rice,  then  the  nse  of  metal  ties  may  be  cousidered  advantageous  and  ecoDomical  on 
acconnt  of  their  longer  life  and  their  value  as  old  material. 

Prussian  State  Eailways.— Co%«e  Division,  right  haul-  of  the 
Rhine  [province  of  the  Rhine,  or  Rhenish  Prussia), — Metal  track  of  dif- 
ferent types  has  been  tried  on  this  division  since  1868.  A  longitudinal 
used  was  similar  to  the  "  Yautlierin"  type  of  cross  lie ;  it  was  8y^  inches 
wide  on  top,  ll|f  inches  wide  on  the  bottom,  2|  inches  deej),  tive-six- 
teenths  of  an  inch  thick  on  top  ;  the  weight  was  46.30  pounds  per  yard. 
Cross-ties  of  similar  form  were  also  used  ;  they  were  7  feet  -i--^^-  inches 
long,  3|f  inches  wide  on  top,  S{^  inches  wide  at  the  bottom,  2%  inches 
deep,  live  sixteenths  of  an  inch  thick  on  top;  the  weight  was  77.16 
pounds  per  yard,  or  82.76  pounds  includiug  the  fastenings.  These  were 
manufactured  by  the  Gutehoftnung  works  at  Oberhausen.  The  lougi 
tudiuals  were  closed  at  the  ends  by  angle-pieces  bolted  on  ;  the  gauge 
was  maintained  by  means  of  tie-rods  of  round  iron  passing  through  the 
webs  of  the  rails  and  having  a  washer  and  nut  on  each  side  of  each 
rail ;  the  rails  were  fastened  by  clami)s  and  bolts.  The  rail  joints  were 
even  and  suspended,  spliced  by  angle  bars  and  channel  bars.  With 
the  cross-ties,  the  rails  of  flange  section  were  secured  by  bolts  and 
clamps  similar  to  the  Ruppel  plan  (See  plate  No.  13).  The  ties  were 
bent  up  at  the  ends  to  give  the  rails  an  inward  inclination.  For  a  rail 
length  of  21  feet  8^  inches,  the  ties  were  spaced  21f  inches  apart,  center 
to  center  at  the  joints,  3'J|  inches  next  to  the  joints,  and  39f  inches  in- 
termediate, giving  eight  ties  to  a  rail  length.  The  rail  joints  were  even 
and  suspended  and  were  spliced  by  angle  bars. 

Cross-ties  of  the  ''Haarmann"  type  (See  })late  ^o.  12),  have  been  in 
use  for  some  years  on  the  Cologne  and  Minden  line ;  they  are  7  feet  lOJ 
inches  long,  the  middle  part  is  Ij^g  inches  wide  on  top  and  l|f  inches 
deep,  the  width  over  the  bottom  flanges  is  9^  inches,  and  the  edges  of 
the  flanges  are  turned  down  for  a  depth  of  thirteen-sixteenths  of  an  inch; 
the  thickness  of  the  top  is  three-eighths  of  an  inch.  The  ends  of  the  tie  are 
bent  upward,  and  the  extremities  are  closed  by  bending  down  the  top 
table,  instead  of  bj"  riveted  pieces;  the  rail  fastenings  consist  of  bolts  and 
clamps  on  the  Euppel  plan.  The  weight  per  tie  is  108  pounds,  or  113.9 
pounds  including  the  fastenings.  For  a  rail  length  of  30  feet  the  ties 
are  spaced  20^  inches  apart,  center  to  center,  at  the  joints,  33f  inches 
next  to  the  joints,  and  39  inches  intermediate.  The  Haarmann  system 
of  longitudinals  has  also  been  used.  The  longitudinals  were  3.92  inches 
wide  at  top  and  bottom  of  the  "cap," 2.08  inches  deep ;  the  width  over 
the  flanges  was  12.8  inches,  and  the  total  depth  3  inches  ;  thickness  of 
the  flanges,  sides  and  top  table  was  .24,  .28,  and  .36  inch.  The  weight 
was  47J  i)Ounds  per  yard.  The  track  is  similar  to  that  of  the  Berlitt 
Division,  already  described.  The  longitudinals  were  29.52  feet  long, 
laid  with  even  joints,  but  breaking  joint  with  the  rails.  At  each  joint 
was  an  angle  iron  cross-tie,  6  23  feet  long;  at  each  end  of  it  was  a  sad- 
dle to  which  the  ends  of  the  longitudinals  were  fastened. 
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TLe  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 

188-4: 

Miles. 

Mainlines 920.08 

Local  lines 234.36 

Total  track 2,241.92 

Wooden  ties 1,75H.  94 

Metal  longitudinals 124.02 

Metal  ties 347.20 

Stone  blocks,  etc 11. 16 

Iron  cross-ties  of  the  modified  ''  Berg-and-Mark  "  type  (See  Plate  No. 
12)  are  now  in  use  on  this  division.  They  are  8.2  feet  long  for  heavy 
ballast,  or  8.85  feet  long  for  light  ballast ;  5.2  inches  wide  on  top,  9.44 
inches  wide  at  the  bottom,  3.2  inches  deep,  with  the  ends  3.6  inches 
deep ;  the  thickness  of  the  sides  is  .28  inch,  and  of  the  top  table  .32 
inch.  The  tie  is  horizontal,  but  at  each  rail  seat  is  a  tie-plate  giving 
the  rail  the  usual  inward  inclination ;  the  outer  end  of  this  plate  has 
an  S-shaped  lug,  the  top  part  holding  the  outer  side  of  the  rail-flange, 
and  the  lower  part  passing  through  a  slot  in  the  tie  and  bearing  on  the 
underside  of  the  top  table.  The  inner  flange  of  the  rail  is  held  by  a 
bolt  and  clamp  on  the  Euppel  plan,  the  lug  of  the  clamp  passing  through 
the  bolt-holes  in  the  tie-plate  and  tie.  The  joint  ties  are  spaced  26.68 
inches  apart,  center  to  center ;  and  the  intermediate  ties  37  to  37.04 
inches.  The  rails  are  of  flange  section  29.52  feet  long,  5.36  inches  high, 
with  a  flange  4.20  inches  wide;  they  weigh  67.2  pounds  per  yard.  Tiie 
rail-joints  are  spliced  by  deep  angle-plates,  having  a  web  projecting 
below  the  rail,  the  ends  of  this  web  being  cut  to  fit  the  slope  of  the 
side  of  the  tie ;  there  are  four  bolts  to  each  joint.  The  track,  with  ties 
8.2  feet  long,  weighs  2,750.09  pounds  per  rail  length,  or  305.58  pounds 
per  yard. 

In  June,  1888,  there  were  altogether  612.75  miles  laid  with  metal 
track,  450.69  miles  with  cross-ties,  153.78  miles  with  longitudinals  not 
having  cross-tie  connections,  and  8.28  miles  with  longitudinals  having 
such  connections.  There  are  also  on  one  of  the  local  lines  7.8  miles  of 
the  Hartwich  system  of  combined  rail  and  longitudinal,  laid  directly 
in  the  ballast. 

.  Prussian  State  Railways. — Cologne  Division,  lefthanlcof  the  Rhine 
(province  of  the  Rhine,  or  Rhenish  Prussia). — On  this  division  metal  track 
has  been  used  very  extensively,  and  several  diHerent  forms  of  track 
have  been  tried.  Metal  cross-ties  are  now  exclusively  used  for  renewals 
and  new  work.  The  following  is  Mr.  Bricka's  statement  of  the  track 
for  the  end  of  1884 : 

Miles. 

Main  lines 850.02 

Local  lines 168.64 

Total  track 2,117.30 

Wooden  ties 1,212. 10 

Metal  longitndinals 2.52.  3 4 

Metal  ties 639.84 

Stone  blocks,  etc...« 13.02 

22893— Bull.  4 9 


130 

Oflongitiidiualsthe'^Hilf,"  "Kheuish/'and  ''Haarmanu"  types  ha  nm 
beeu  used,  but  no  new  track  of  this  kiud  is  now  laid.  Of  cross-ties  the 
Yautherin  t3^pe  was  first  used,  then  the  Khenish,  the  original  Berg-and- 
Mark,  the  modified  form  of  the  "  Berg-aud-Mark,"  and  the  "Haarmaun" 
tie.  The  modified  form  of  the  Berg-and-Mark  type  was  considered  the 
best.  The  ''  Haarmann  "  tie  was  ordered  by  the  minister  of  railways  to 
be  used  on  most  of  the  divisions  of  the  State  railways,  but  it  is  reported 
that  it  has  not  given  as  much  satisfaction  as  some  other  systems,  and 
its  use  is  not  being  extended.  The  ties  of  this  type  used  on  this  divis- 
ion were  7.8  feet  long,  with  the  middle  part  horizontal,  and  the  ends 
inclined  upward  1  in  20  for  a  length  of  26  inches.  It  was  4.4  inches  wide 
on  top  and  4.8  at  the  bottom  of  the  "  cap,"  2  inches  deep  j  10  inches  wide 
over  the  flanges  and  2.56  inches  deep  over  all ;  the  thickness  varied 
from  .28  inch  to  .36  inch.  A  piece  of  N-iron  (or  doable-angle  iron)  was 
riveted  inside  at  each  end  and  at  the  middle.  The  weight  of  the  tie  was 
110  pounds.  With  cross-ties  of  the  modified  "Berg-and-Mark"  type 
the  Haarmann  system  of  combined  tie-i)late  and  fastening  has  been 
used,  as  already  described  for  the  Eight  Bank  of  the  Ehine  Eailway. 

A  special  return  from  this  division  was  furnished  in  1888  for  the  pur- 
pose of  this  report,  as  follows  : 

Of  the  1,681.81  miles  of  line,  943.96  miles  were  laid  with  metal  cross-ties  and  241.45 
miles  with  metal  longitudinals,  the  remainder  being  still  on  wooden  cross-ties.  The 
track  on  longitudinals  included  43.44  miles  of  the  Khenish  type,  l.b6  miles  of  the 
Haarmann  type,  and  200.57  miles  of  the  Hilf  type,  a  total  of  245.87  miles,  of  which 
about  5  miles  of  the  tirst  two  types  were  for  experiment.  The  first  longitudinals  were 
laid  in  1872  and  the  first  cross-ties  in  1876. 

The  division  has  30  per  cent,  of  its  length  horizontal  and  70  per  cent,  on  grades; 
the  steepest  grade  is  1  in  37,  or  2.7  per  cent.  In  alignment  there  are  65  per  cent,  of 
tangents  and  35  per  cent,  of  curves;  the  sharpest  curve  has  a  radius  of  590.40  feet. 
The  traffic  consists  of  passenger  and  freight  trains,  some  of  the  former  being  express 
trains.  The  standard  four-coupled  passenger  engines  weigh  37  tons,  having  24.4  tons 
on  the  two  driving  axles  and  12.6  tons  on  the  leading  axle  or  truck  ;  the  tender  weighs 
27.5  tons.  The  standard  six-coupled  freight  engines  weigh  38.5  tons,  and  their 
tenders  27.5  tons.  The  standard  six-coupled  tank  engines  for  branch  or  local  lines 
weigh  29.2  tons. 

The  ties  are  of  mild  low-carbon  steel,  and  are  not  painted  or  otherwise  treated. 
They  are  manufactured  by  the  Aachen  Mills;  the  Phcenix  Company,  of  Laar;  the 
Union  Company,  of  Dortmund  ;  the  Khenish  Steel  Works,  of  Ruhiort;  and  the  Good- 
Hope  Works,  of  Oberhausen.  The  cost,  delivered,  is  about  §31.25  per  ton.  In  regard 
to  maintenance,  every  mile  of  track  on  metal  longitudinals  requires  about  372.58 
days'  labor  of  one  man  per  annum  (231  days  per  kilometer),  and  every  mile  of  track 
on  metal  cross-ties  requires  about  267.74  days'  labor  of  one  man  per  annum  (166  days' 
labor  per  kilometer).  The  iidjustment  or  widening  of  gauge  at  curves  is  effected  by 
means  of  different  sizes  of  rail  clamps  without  varying  the  holes  in  the  ties.  The 
observations  as  to  durability  are  not  yet  concluded.  The  ballast  consists  principally 
of  river  gravel,  but  broken  stone  is  used  in  some  places.  It  is  satisfactory  for  cross- 
ties,  but  with  longitudinals  care  must  bo  taken  to  provide  proper  drainage.  The  prin- 
cipal reason  for  adopting  metal  ties  was  their  advantage  in  maintaining  the  width  of 
gauge  accurately,  and  the  convenience  of  track  laying  and  tamping  was  «lso  con- 
sidered. In  localities  poor  in  wood  the  cheaper  cost  and  at  least  the  same,  but  prob- 
ably longer,  life  than  that  of  impregnated  wooden  ties  must  be  taken  into  account. 
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The  general  results  bave  been  very  satisftietory.  There  has  been  no  trouble  with 
maintenance,  or  with  the  rail  attachments,  which  are  much  more  secure  than  the 
ordinary  spikes  in  wooden  ties.  No  trouble  has  been  experienced  from  breakages. 
With  metal  track  the  ties  are  more  durable,  so  that  the  track  is  more  economical; 
and  the  fastenings  are  more  efficient,  so  that  the  track  is  safer  than  track  on  wooden 
ties. 

Impregnated  oak  ties  cost,  exclusive  of  the  value  of  old  material,  about  $1.75  each, 
or  about  83,104.84  per  mile.  They  have  an  average  life  of  about  twenty  years.  The 
simplest  testimony  as  to  the  opinion  of  the  advantages  of  metal  and  wooden  ties  is 
that  since  18T9  no  wooden  ties  have  been  purchased,  irou  ties  having  been  used 
exclusively. 

The  drawings  accompanying  this  communication  show  cross-ties  of 
the  "Haarmann"  and  the  modified  "Berg-aud-Mark"  types.  The  latter 
are  9.36  inches  wide  on  the  bottom,  3  inches  deep  over  all,  with  the 
sides  and  top  .28  and  .36inch  thick  respectively j  the  weight  is  110 
pounds.  The  former  are  4.4  inches  wide  on  top  and  4.24  inches  wide 
inside  at  the  bottom  of  the  ''  cap,"  10  iuches  wide  over  the  flanges;  the 
middle  part,  or  ''cap,"  is  1.64  inches  deep,  and  the  flanges  are  turned 
down  .80  inch,  making  the  total  depth  over  all  2.56  inches;  the  flanges 
are  .24  inch  thick,  the  sides  .28  inch,  and  the  top  table  .36  inch ;  the 
weight  is  110  pounds.  Both  these  forms  of  ties  are  7.87  feet  long,  hori- 
zontal at  the  middle  for  a  length  of  3.6  feet,  and  then  inclined  upwards 
to  the  ends  at  an  inclination  of  1  in  20.  Ko  tie-plates  are  shown,  the 
rails  resting  directly  on  the  ties  and  being  secured  by  bolted  clamps 
on  the  Ruppel  system.  The  rails  are  5.36  inches  high  and  4.20  inches 
wide  over  the  flange  :  the  rail  joints  are  even  and  suspended,  and  are 
spliced  by  deep  angle  bars,  projecting  below  the  rail,  with  four  bolts. 
For  a  rail  length  of  20.52  feet  the  ties  are  spaced  26.68  iuches  apart, 
center  to  center,  at  the  joints,  33.76  iuches  next  to  the  joints,  and  the 
intermediate  ties  38  iuches. 

Cross-ties  of  the  "  Hoerde"  or  "  Post"  type  have  also  been  used. 

The  system  of  rail  attachment  designed  by  Mr.  Euppel,  of  this  divis- 
ion, is  in  extensive  use  and  has  given  general  satisfaction.  (See  Plate 
Xo.  13.)  The  rail  is  held  by  a  clamp  of  such  form  that  while  the  inner 
side  bears  on  the  rail  flange  the  outer  side  bears  on  the  top  of  the  tie; 
on  the  under  side  of  the  outer  edge  is  a  lug  or  projection  which  fits  into 
the  bolt  hole  in  the  tie.  The  bolt  passes  up  through  the  tie  and  clamp, 
and  the  nut  is  secured  down  on  the  latter  ;  the  head  of  the  bolt  is  of  i- 
shape,  so  that  the  bolt  can  be  put  in  or  taken  out  without  disturbing 
the  ballast  or  the  tie.  The  adjustment  of  the  gauge  at  curves,  etc.,  is 
eftected  by  using  clamps  with  lugs  of  different  widths  fitting  into  the 
bolt  holes. 

Prussian  State  Railways. — Franlxfort-on-Main  division  (province 
of  Nassau). — Metal  longitudinals  of  the  ''Hilf"  type  were  used  in 
1868  on  the  Xassau  State  Railway,  now  a  part  of  this  division  of  the 
Prussian  State  Railways.  The  following  is  a  brief  notice  of  the  several 
different  systems  of  metal  track  which  have  since  been  tried  : 

Cross-ties:  (1)  Ties  of  the  original  "Yautherin"  type,  with  gib  and 
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cotter  fastenings,  open  ends,  and  a  piece  of  T-iron  riveted  across  the 
bottom  of  the  tie  under  eacli  rail ;  (2)  ties  of  similar  section,  but  with 
bolted  clamp  fastenings  and  having  the  ends  closed  by  riveted  angle 
l)ieces  (as  on  the  left  bank  of  the  Rhine  Eailway ;  (3)  ties  of  the  '*  Berg- 
and-Mark  "  type,  with  bolted  clamp  fastenings  and  with  an  angle  iron 
riveted  inside  the  tie  under  each  rail ;  (4)  similar  tie  and  fastenings, 
but  with  the  ends  closed;  (5)  ties  of  the  original  "Yautherin"  type, 
with  bolted  clamp  fastenings  and  with  the  top  table  bent  down  at  the 
ends  J  (6)  ties  of  Haarinann  section,  with  bolted  clam i)  fastenings  and 
closed  ends,  1881 ;  (7)  modified  form  of  "  Haarmann  "  tie,  with  the  upper 
part  wider  and  flanges  narrow ;  bolted  clamp  fastenings,  ends  closed 
by  riveted  angle  pieces,  1885 ;  (8)  similar  to  No.  7,  but  with  the  top 
table  inclined  at  the  rail  seats. 

This  is  the  form  of  metal  cross-tie  adopted  in  1887,  as  noted  further 
on:  Longitudinals,  [la)  "Hilf"  type,  two  forms  of  sections,  one  with 
middle  rib,  the  other  without  the  middle  rib  and  resembling  the  original 
"  Berg-and-Mark ''  cross-tie;  the  joints  of  rails  and  longitudinals  coin- 
cided and  round  tie  rods  maintained  the  gauge;  [lb)  longitudinals 
with  middle  rib ;  they  were  not  brought  close  to  the  rail  joints,  but  a 
cross-tie  of  similar  section  was  placed  on  each  side  of  the  joint ;  (Ic) 
longitudinals  and  rails  laid  to  break  joint,  with  a  cross-tie  of  similar 
section  under  the  rail  joints;  (UZ)  similar  track,  but  with  the  cross-ties 
placed  back  from  the  rail  joints;  {le)  joints  of  longitudinals  and  rails 
coincided ;  a  cross-tie  or  similar  section  was  placed  under  the  joints  and 
had  a  saddle  support  for  the  longitudinals;  (1/)  similar  to  Xo.  le,  but 
with  the  addition  of  a  T-iron  cross-tie  at  the  middle  of  the  rails.  This 
is  the  form  of  metal  longitudinal  track  adopted  in  1888,  as  nj^'^i  further 
on.  (2)  Longitudinals  of  Hilf  section,  with  joints  coinciding  with  rail 
joints,  and  an  angle  iron  cross-tie  fastened  to  the  rails  at  the  joints; 
{3a)  similar  longitudinals,  with  T-iron  cross-ties  under  the  joints  and 
a  saddle  for  the  longitudinal ;  [Sb)  similar  to  No.  3«,  but  with  a  differ- 
ent seat  for  the  longitudinals  and  with  cross-ties  of  the  Lasard  section 
(T)  under  the  joints;  {3c)  similar  to  No.  3o,  but  with  a  T-iron  cross-tie 
on  each  side  of  the  joints  ;  (4)  siuiilar  in  general  to  No.  3c.  The  follow- 
ing is  Mr.  Bricka's  statement  of  the  track  for  the  end  of  1884: 

Miles. 

Main  lines 639.  84 

Local  lines 37.20 

Total  track : 1,468.78 

Wooden  ties 790.50 

Metal  longitudinals 634. 88 

Metal  ties 37.82 

Stone  blocks,  etc 5. 58 

Metal  cross-ties  and  longitudinals  are  now  in  use  for  main  lines.  The 
former  are  of  the  '^ Haarmann  type"  (See  Plate  No.  12)  8.2  to  S.86  feet 
long,  6.4  inches  wide  on  top,  7.2  inches  wide  at  the  bottom  of  the  cap, 
B.2  inches  wide  over  all ;  the  depth  is  from  2.8  inches  at  the  ends  and 
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middle  to  3.4:  inches  at  the  inclined  rail-seat  j  the  weight  is  112.4  pounds 
per  tie  for  the  shorter,  and  127.93  pounds  for  the  longer,  ties.  There  are 
ten  ties  to  a  rail  length  ;  the  joint  ties  are  spaced  28  inches,  center  to 
center;  the  next  ones  33.12  inches,  and  the  intermediate  ties  37.96 
inches.  The  rails  are  of  tiange  section  and  the  joints  are  spliced  by 
deep  angle-bars.  The  fastening  for  the  rails  consists  of  a  bolt  with  a 
gauge- washer  against  which  the  rail  flange  abuts,  and  a  channel-shaped 
clamp  fitting  over  the  washer  and  bearing  on  the  tie  and  rail-flange. 
It  is  somewhat  similar  to  the  fastening  used  on  the  Baden  State  rail- 
ways (See  plate  No.  13),  but  with  the  exception  that  the  gauge-washer 
fits  into  the  bolt-hole  in  the  tie,  having  an  eccentric  head  which  rests 
on  the  top  of  the  tie.  This  system  of  fastening  appears  to  combine  the 
advantages  of  the  Euppel  and  Baden  systems  j  the  gauge-washer  by 
fitting  into  -the  bolt-hole  adding  greatly  to  the  solidity  of  the  fiistening 
and  reducing  the  strain  on  the  bolt.  The  weight  of  this  track  is  2,815.30 
pounds  per  rail  length  or  286  pounds  per  yard. 

The  longitudinals  now  used  are  of  the  Hilf  type  (See  plate  Ko.  12). 
They  are  29.38  feet  long,  7.2  inches  wide  on  top,  12  inches  wide  at  the 
bottom,  2.6  inches  deep,  with  the  top  table  .52-inch  thick.  The  weight 
is  674.75  pounds,  or  69  pounds  per  yard.  The  rails  are  of  flange  section, 
and  the  fastenings  consist  of  bolted  clamps  of  channel  shape  (' — i)  which 
bear  on  the  longitudinal  and  the  rail  flange.  Under  the  rail-joint  is  a 
cross-tie  of  the  same  section  as  the  longitudinal ;  it  is  8.53  feet  long,  and 
weighs  196  pounds.  The  cross-tie  is  under  the  longitudinals,  which  are 
fastened  to  it  by  large  angle  clamps  ( — n),  with  bolts  passing  through 
the  cross-tie  and  the  horizontal  part  of  the  clamp.  Two  channels  are 
riveted  across  each  end  of  the  cross-tie  and  support  the  top  table  of  the 
longitudinal  from  the  inside.  At  the  middle  of  the  rail  length  is  a 
T-iron  cross-tie,  8.2  feet  long,  5.6  inches  wide,  6  inches  deep,  and  weigh- 
ing 154  pounds  or  66.34  pounds  per  yard.  On  curves  of  less  than  1,640 
feet  radius  two  of  these  cross-ties  are  used.  The  weight  of  this  track 
is  3,040.75  pounds  per  rail  length  of  29.52  feet,  or  337.85  pounds  per 
yard. 

In  September,  1889,  the  officers  of  this  division  stated  that  the  Hilf 
system  of  longitudinals  will  in  future  be  used  only  to  a  small  extent 
on  a  certain  part  possessing  excellent  material  for  ballast,  which  lets 
the  water  drain  off  quickly.  Iron  cross-ties  are  used  on  parts  where 
stone  ballast  is  readily  obtainable.  Where  the  road  bed  is  in  clayey 
or  loamyl  sand  wooden  ties  are  used  exclusively  on  new  branch  and 
local  lines.  For  the  renewals  on  all  lines  during  1889  about  an  equal 
number  of  iron  and  wooden  ties  were  used. 

Prtjss[An  State  Eailways. — Erfurt  division  [province  of  Thu- 
ringia). — Various  systems  of  metal  track  have  been  tried  on  this  line, 
both  with  longitudinals  and  cross-ties,  but  the  latter  have  now  been 
definitely  adopted.  In  October,  1889,  the  officials  of  this  division  for- 
warded a  detailed  statement  in  regard  to  their  experience  with  metal 
track. 
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Metal  ties  were  first  laid  in  1879,  and  there  are  now  251.10  miles  of  track  on  seven 
sections  of  the  line.  The  grades  are  from  0  to  1  per  cent.,  and  the  curves  down  to 
984  feet  radius.  The  traffic  consists  of  passenger  and  freight  trains,  the  express  pas- 
senger trains  running  at  43^  miles  per  hour.  The  heaviest  six.-coupled  freiglit-eugines 
weigh  40  tons  in  working  order. 

The  ties  are  manufactured  by  the  Hosch  Iron  and  Steel  Works,  of  Dortmund ;  the 
Mine  and  Mill  Company,  of  Horde,  and  the  Queen  Marie  Works,  of  Cainsdorf,  Sax- 
ony. The  cost  is  $33.75  per  ton  at  the  works.  No  preservative  treatment  is  em- 
ployed, the  ties  being  laid  in  the  state  in  which  they  come  from  the  rolls.  It  is 
estimated  that  the  metal  track  will  last  thirty  years,  while  wooden  ties  must  be  re- 
newed every  twelve  or  fifteen  years.  The  reasons  for  the  adoption  of  metal  ties  were 
as  follows:  (a)  the  maintenance  is  cheaper  than  that  of  track  on  wooden  ties ;  (&) 
the  price  is  cheaper,  taking  into  consideration  the  durability  of  thirty  years,  than 
that  of  wooden  ties;  (c)  the  encouragement  of  the  iron  industry.  The  general  re- 
sults have  been  satisfactory,  and  there  has  been  no  trouble  with  maintenance,  with 
the  rail  attachmnts,  or  from  breakages.  The  wooden  ties  are  of  pine  or  oak;  im- 
pregnated pine  ties  cost  87.5  cents  ])eT  tie  and  last  about  ten  to  twelve  years ;  oak 
ties  cost  $1,371  each  and  are  estimated  to  last  fifteen  to  eighteen  years. 

Arrangements  have  been  made  for  giving  up  entirely  the  use  of  the  Hilf  longi- 
tudinal system  after  a  lapse  of  not  more  than  five  years.  At  the  same  time  that  the 
longitndinals  were  first  laid,  in  1879,  the  laying  of  metal  cross  ties  was  also  com- 
menced, and  there  are  at  present  251.10  miles  of  main  track  laid  with  them,  equal 
to  17  per  cent,  of  the  total  lengtli  of  track  of  this  division.  In  selecting  the  sections 
of  the  line  to  be  laid  with  these  ties,,  the  quality  of  the  ballast  was  taken  into  con- 
sideration, to  provide  proper  drainage.  The  form  of  the  tie  now  used  has  been 
arrived  at  by  the  development  of  the  original  form  according  to  the  experience  ob- 
tained. The  earlier  ties  were  of  the  "  Haarmann,''  "  Hilf,"  and  the  original  "  Berg- 
and-Mark  "  types. 

The  ^'Haarmaun"  ties  were  7.87  feet  loug,  aud  weighed  113.65  pounds 
each ;  they  were  4.4  inches  wide  on  top,  4  inches  wide  inside  at  the 
bottom  of  the  "  cap,"  and  10  inches  wide  over  the  flanges;  the  sides  of 
the  flanges  were  bent  down  .8  inch,  making  the  depth  over  all,  2.56 
inches.  The  vertical  parts  of  the  flanges  were  .20  inch  thick  ;  flanges, 
.24  to  .28  inch  ;  sides,  .28  inch,  and  top  table,  .36  inch  thick.    The  ends 

were  closed  by  riveted  pieces  of  double-angle  section  (| '),  the  upper 

web  fitting  inside  the  "  cap"  of  the  tie,  the  flange  riveted  under  the 
flanges  of  the  tie,  and  the  lower  web  projecting  below  the  end  of  the 
body  of  the  tie ;  the  total  depth  at  the  ends  was  3.40  inches.  The  tie 
was  horizontal  at  the  middle,  and  inclined  upward  1  in  20  to  the  ends; 
as  this  was  found  to  render  the  track  unstable,  the  tie  was  after- 
ward made  horizontal,  with  the  rail-seat  inclined  1  in  20  by  the  Hosch- 
Lichthainmer  system.  (See  "  Holland.")  The  fastenings  were  of  the 
Euppel  type,  already  described. 

The  Hilf  ties  were  7.87  feet  long,  and  weighed  114.4  pounds  each ; 
they  were  4.8  inches  wide  on  top,  8.8  inches  wide  at  the  bottom,  2.4 
inches  deep,  with  the  sides  vertical  for  1.2  inches  from  the  bottom  ;  the 
sides  were  .32  inch  and  the  top  table  .40 inch  thick;  the  top  table  was 
bent  down  at  the  ends  to  a  depth  of  4  inches,  and  the  sides  were  bent 
round  outside  at  the  end.  The  ties  were  of  similar  shape,  longitudi- 
nally to  the  Haarmann  ties,  aud  the  same  fastenings  were  used. 
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The  "  Berg-aud-Mark  "  ties  were  7.54  feet  long,  5.2  inches  wide  on  top, 
9.2  inches  wide  at  the  bottom,  2.4  inches  deep,  with  the  sides  vertical 
for  1  inch  from  the  bottom  ;  the  sides  were  .-!8  inch  thick,  and  the  top 
table  .30  incli ;  with  a  rib  1.44  inches  wide  on  the  underside,  making  the 
tinckness  .52  inch.  The  weight  was  97.1)0  pounds  per  tie.  The  tie  was 
horizontal  at  the  middle  and  then  bentnp  at  an  inclination  of  1  in  20  to 
the  ends,  which  were  closed  by  bending  down  the  top  table.  Gib  and 
cotter  fastenings  were  used. 

The  ties  now  adopted  are  a  modification  of  the  Haarmanu  type,  hav- 
ing the  "  cap  "  wide  and  the  flanges  narrow.  They  are  8.85  feet  long,  and 
weigh  about  126.50  ])ounds  each  ;  the  ends  are  flared  out  and  are  closed 
by  bending  down  the  top  table;  they  are  horizontal  throughout.  They 
are  6.4  inches  wide  on  top,  7.2  inches  wide  inside  at  the  bottom  of  the 
cap,  9.2  inches  wide  over  the  flanges,  and  about  11.2  inches  wide  over 
all  at  the  ends  ;  the  depth  of  the  caj)  is  1.84  inches,  and  2.8  inches  over 
all ;  the  depth  at  the  ends  is  4.8  inches.  The  sides  are  .28  inch  thick, 
and  the  top  table  .32  inch.  The  fastenings  are  of  the  Haarmann  type 
already  described,  the  rail  resting  on  a  tie  plate  with  a  hooked  lug  at 
the  outer  end,  and  a  bolted  clamp  on  the  inner  end.  The  i^late  is  6 
inches  long  and  7.08  inches  wide  over  all ;  and  from  .2S  inch  to  .5  inch 
thick.  There  are  ten  ties  to  a  rail  length  of  29.52  feet ;  the  joint  ties 
spaced  26.68  inches  center  to  center,  and  the  intermediate  ties  about  37 
inches.  The  weight  of  the  track  is  2,854  pounds  per  rail  length,  or  290.1 
pounds  per  yard. 

In  renewals  on  existing  lines  on  this  division  about  50  per  cent,  of  the 
ties  used  are  of  iron  and  the  balance  of  wood.  On  new  lines,  however, 
preference  is  given  to  wooden  ties  on  account  of  their  less  cost.  The 
wooden  ties  used  are  generally  of  pine,  imported  from  foreign  countries, 
as  the  forests  of  this  country  can  not  supply  the  great  demand. 

Prussian  State  Eailways. — Altona  Division  (Province  of  Schlesivig- 
Holstem.) — Trials  of  metal  track  have  been  made  on  a  small  scale,  and 
some  of  the  Hoerde  or  Post  steel  cross  ties  have  been  tried.  The  fol- 
lowing is  the  substance  of  a  statement  made  by  the  officers  of  this  di- 
vision in  August  1889 : 

On  this  division  metal  track  has  been  tried  only  to  a  limited  extent;  but  even  on 
the  short  stretches  of  road  where  iron  ties  were  used  they  have  been  replaced  by 
wooden  ties,  because  the  ballast  and  road-bed  of  this  division  have  proved  to  be  un- 
suitable for  iron  ties. 

This  oflBcial  statement  suggests  two  comments:  First,  it  has  been 
reported  from  time  to  time  in  the  technical  and  other  papers  that  metal 
ties  have  not  been  a  success  in  Germany  and  have  been  abandoned. 
This  has  been  through  ignorance  in  taking  the  experience  on  one  di- 
vision as  representing  that  on  the  entire  railway  system.  The  other 
official  statements  which  are  given  in  this  report  show  that  on  the 
whole  the  metal  ties  are  giving  good  results  and  are  being  extensively 
adopted,  after  years  of  experience  and  experiment.     Second,  the  state- 
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ment  shows  very  clearly  that  the  metal  ties  will  not  of  themselves  nec- 
essarily make  a  good  track,  since  their  abandonment  on  this  division 
is  due  primarily  not  to  any  defect  in  the  ties  (the  type  used  is  not 
stated),  but  to  the  material  of  the  ballast  and  the  road-bed. 

Prussian  State  Railways.— Hanover  Division  {Province  of  Han- 
over).— Longitudinals  of  the  "Hilf"  type  were  first  used  in  1876  and 
^'  Haarmaun  "  lougitudiuals  in  1880.  At  the  eud  of  1884  there  were 
340.38  miles  of  track  ou  lougitudiuals,  of  wliich  154.38  miles  were  on 
the  Hilf  system.  The  track  is  similar  to  that  of  the  Berlin  division, 
already  described.  In  1885  tbere  were  222.3  miles  of  the  Haarmann 
and  142.84  miles  of  the  Hilf  type.  Metal  cross-ties  were  first  used  in 
1878,  and  their  use  has  been  continued.  The  "  Vautherin,"  "  Khenish,'' 
and  ''  Haarmann  "  types  of  ties  have  been  tried.  The  latter  are  similar 
to  those  on  the  Erfurt  division,  with  the  rail  seat  formed  on  the  Hoesch- 
Lichthammer  plan.  The  Haarmann  fastenings,  with  the  hooked  tie- 
plate,  and  the  Ruppel  fastenings,  with  bolted  clamps,  are  both  used. 

The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884: 

Mild. 

Main  lines 1, 1*24. 68 

Local  lines 101.  06 

Total  track 2,570.52 

AVooden  ties „ 2,117.92 

Metal  longitudinals 340.  38 

Metal  ties 107.  26 

Stone  blocks,  etc 4. 90 

Prussian  State  BAii.WAYs.—Magdebii'^g  Division  {Province  of  Sax- 
ony).— In  1879  trials  were  made  with  cross-ties  of  the  same  section  as 
the  Hilf  longitudinal.  Then  the  "  Berg-and-Mark  "  tie  of  the  Elberfeld 
division  was  tried,  and  later  the  llaarmaann  tie.  The  latter  weighed 
112.2  pounds,  were  bent  up  at  the  ends  to  give  the  inclination  to  the 
rails,  and  had  the  Ruppel  system  of  fastenings.  The  '^Hoerde"  or 
^'Post"  tie  has  been  tried  within  recent  years. 

The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884; 

Miles. 

Main  lines 858.08 

Local  lines 73. 16 

Total  track 1,920.76 

Wooden  ties 1, 780. 64  > 

Metal  longitudinals 13.02 

Metal  ties 126.48 

Stoue  blocks,  etc -^^ 

Prussian  State  Raylw ays.— Breslau  Division  {Province  of  Sile- 
sia).— On  this  division,  cross-ties  of  the  modified  Berg  aud-Mark  sys- 
tem have  been  tried.  Thej'  are  8.2  feet  long,  4.4  inches  wide  ou  top, 
7.76  inches  wide  inside  at  the  bottom,  9.12  inches  wide  over  all  at  the 
bottom,  3  inches  deep  ;  thickness  of  sides,  .32-inch,  and  of  the  top  table 
.36  inch.    The  weight  is  120  pounds  per  tie.    The  ends  are  inclined  up- 
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ward  1  in  20.  The  rail  fasteuiugs  cousist  of  clamps  and  bolts  on  the 
Kiippel  plan.  The  joint  ties  are  spaced  26.08  inches,  center  to  center, 
and  the  intermediate  ties  abont  37  inches.  The  weight  of  the  track  is 
2,704.77  pounds  per  rail  length,  or  274.86  pounds  per  yard. 

In  November,  188S,  a  contract  for  599  tons  of  metal  ties  was  awarded 
to  the  Laurahutte  Works  at  $31.25  per  ton  at  the  works. 

Prussian  State  Railways — Bromberg  Division  {Province  of  East 
Prussia). — Metal  cross-ties  and  longitudinals  are  in  use  on  this  division. 
Of  the  latter  there  were,  in  1888,  116.12  miles  of  the  Hilf  system  with 
heavy  cross-tie  connections  j  43.64  miles  of  the  Hilf  system  without 
these  connections,  and  the  ends  of  the  longitudinals  resting  on  a 
saddle  plate,  and  32.17  miles  of  the  Haarmann  system. 

Bavarian  State  Railways. — Different  systems  of  metal  track  have 
been  tried  on  these  lines,  partly  to  reduce  the  expenses  for  maintenance 
and  renewals,  and  partly  in  the  interest  of  the  iron  industry  of  the 
State.  The  Eartwich  system  of  track  has  been  tried  (see  plate  No. 
12);  also  the  Hilf  and  Rhenish  systems  of  longitudinals.  The  types  of 
cross-ties  tried  include  the  "  Vautherin"  (weighing  77  pounds  per  tie) ; 
the  Haarmann  (102.3  pounds;)  the  "  Berg-and-Mark,"  with  rail  seat  in- 
clined on  the  Hosch-Lichthammer  plan  (114.4  pounds) ;  and  the 
"  Heindl  '^  (138.6  pounds).  The  engineers  have  recognized  the  superi- 
ority of  cross-ties  over  longitudinals  for  main  lines,  but  the  latter  are 
still  used  to  some  extent  on  secondary  lines.  In  June,  1888,  contracts 
were  let  for  11,100  tons  of  metal  ties  at  about  $29.10  per  ton. 

Mr.  Bricka,  in  his  report,  gives  the  following  statement  of  the  track 
for  the  end  of  1884: 

Miles. 

Mainlines 2,401.26 

Local  lines 327.98 

Total  track o 3,727.44 

Wooden  ties 3,232.06 

Metal  longitudinals „ 275.90 

Metal  ties 10.54 

Stone  blocks,  etc 208.94 

The  following  different  forms  of  tracks  are  in  use  on  these  railways  : 

(1)  Main  lines,  [a)  steel  rails  on  iron  ties  of  the  Heindl  system;  {h) 
steel  or  steel-headed  rails  on  wooden  ties. 

(2)  Branch  lines,  {a)  steel  rails  on  iron  ties  of  the  Heindl  system ; 
{}))  steel  rails  on  wooden  ties. 

(3)  Local  lines  of  standard  gauge,  (a)  steel  rails  on  iron  longitudi- 
nals of  the  ''Rhenish"  type;  (&)  steel  rails  on  iron  cross  ties  of  the 
Heindl  system,  but  lighter  than  the  ties  for  main  lines ;  (c)  steel  rails 
with  longitudinals  or  cross-ties,  Hartwich  system. 

(4)  Local  lines  of  meter  gauge,  iron  rails  on  iron  ties  of  the  Heindl 
system. 
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The  Heindl  system  of  track  with  cross-ties  has  now  been  adopted  as 
tbe  standard  system  of  metal  track  for  main  lines,  and  it  has  also  been 
applied  (in  a  lighter  form)  for  secondary  lines.  Up  to  the  end  of  1887 
this  track  had  been  laid  as  follows : 

Miles. 

1883 17 

1885 19.10 

1887 35.34 

1887 31 

Total 85.  Gl 

The  Heindl  system  of  track  for  main  lines  is  described  in  fall  further 
on.  Two  lighter  forms  of  this  track  have  been  designed  for  secondary 
lines  of  standard  and  meter  gauge:  {3b)  8.2  feet  long,  7.2  inches  wide 
at  the  bottom,  2.4  inches  deep,  with  ends  3  inches  deep,  top  table  .36 
inch  thick ;  weight,  86.83  pounds;  no  tie  plates  are  used,  the  ends  of 
the  tie  being  bent  up  at  an  inclination  of  1  in  20 ;  bolted  clamp  fasten- 
ings on  the  Euppel  plan  are  used ;  (4)  5.57  feet  long,  6  inches  wide  at 
the  bottom,  1.72  inches  deep,  with  ends  2.40  inches  deep,  top  table  .32 
inch  thick  ;  weight  of  tie,  43  pounds  -,  the  rails  are  fastened  by  bolts 
and  clamps  on  the  Roth-and-Schuler  plan  (see  ''Baden  State  Rail- 
ways"). The  longitudinals  of  the  Rhenish  type  are  similar  to  those  on 
the  Alsace-Lorraine  Railways;  they  are  8.8  inches  wide  on  top,  12 
inches  wide  at  the  bottom,  2.4  inches  deep;  at  the  joints  were  cross- ties 
of  T-section,  7.5  feet  long,  to  which  the  longitudinals  were  secured  by 
bolted  clamps  holding  the  flanges  (See  plate  I^o.  12)  ;  the  outer  flange 
rested  on  packing  pieces  so  as  to  give  the  rail  the  inward  inclination  of 
1  in  20 ;  round  tie-rods  1.02  inches  diameter  were  used,  spaced  one  to 
each  rail  length ;  they  passed  through  the  webs  of  the  rails.  A  lighter 
form  of  this  longitudinal  was  29.42  feet  long,  6  inches  wide  on  top,  8.4 
inches  wide  inside  at  the  bottom,  and  9.2  inches  wide  over  all  at  the 
bottom;  2.4  inches  deep;  sides  .24  inch  thick,  and  top  table  .32  inch; 
weight,  35.21  pounds  per  yard.  The  top  table  had  a  small  rib  along 
each  edge,  forming  a  channel  for  the  rail  flange.  The  rails  were 
fastened  by  bolted  clamps  similar  to  those  used  on  the  Hesse-Louis 
Railway,  but  the  bolts  had  not  eccentric  necks.  The  Hartwich  sys- 
tem of  combined  rail  and  longitudinal  has  been  tried  on  a  length 
of  6.2  miles.  The  rails  were  24.6  feet  long,  6  inches  high,  with  a 
head  1.8  inches  wide  and  a  flange  4.8  inches  wide;  the  weight  was 
58.35  pounds  per  yard.  They  were  connected  by  tie-bars  1.8  inches  by 
.36  inch,  turned  and  screwed  at  the  ends,  passing  through  the  webs  of 
the  rails  and  secured  by  a  nut  on  each  side  of  the  web.  The  weight  of 
the  track  was  about  136  pounds  per  yard.  At  joints  the  rails  rest  on 
grooved  bed  plates,  to  which  they  are  fastened  by  bolted  clamps  simi- 
lar to  those  of  the  Hesse-Louis  Railway,  but  without  eccentric  necks  on 
the  bolts. 
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The  following  is  from  official  statements  and  drawings  furnished  in 
April,  1880,  for  the  purpose  of  this  report: 

The  iiiauageinont  of  tbo  Bavarian  Governiiieut  railways  has  made  experiments  for 
a  nnmber  of  years  with  different  systems  of  metal  traek,  both  with  iron  longitudinals 
and  iron  cross-ties.  Based  upon  the  experience  obtained  by  these  trials  a  track  with 
irou  cross-ties,  on  the  Heindl  system,  has  been  used  since  1885,  in  combination  with 
wooden  ties,  for  all  new  construction  and  in  the  reconstruction  of  main  lines.  This 
track  includes  a  method  of  fastening  the  rails  patented  by  Mr.  Franz  Heindl,  chief 
inspector  of  the  Austrian  state  railways  (see  "Austria").  These  Bavarian  lines  are 
of  standard  gauge,  4  feet  S^  inches. 

Of  the  total  length  of  the  railways,  comprising  4,063  miles,  there  were  in  1889  the 
following  systems  of  track  : 

Miles. 

Wooden  tiet; 3,312 

Wooden  longitudinals  on  bridges 3 

Irou  longitudinals 399 

Iron  ties,  of  different  systems 33 

Iron  ties,  Heindl  system 107 

Hart wich  system  and  stone  blocks 209 

Total 4,063 

The  following  particulars  refer  to  the  Heindl  system.  The  ties  have  been  laid  be- 
tween 1885  and  1889 :  the  maximum  grade  upon  which  they  are  placed  is  2^  per  cent., 
and  the  minimum  radius  of  curves  984  feet.  The  traffic  consists  of  express  and  ordi- 
nary passenger  trains  and  freight  trains.  The  amount  of  traffic  on  the  different  lines, 
per  yearly  average,  is  200  to  1,400  passengers  and  2,500  to  6,500  tons  of  freight  per 
day.  The  express  engines  weigh  35.43  tons  each,  and  have  a  weight  of  12.32  tons  on 
the  driving  wheels ;  the  maximum  speed  is  43f|  miles  per  hour.  The  freight  engines 
weigh  41  tons  each,  have  a  maximum  load  per  axle  of  13.8  tons,  and  travel  at  a 
maximum  speed  of  25  miles  per  hour. 

The  ballast  is  partly  gravel  and  partly  of  broken  stone.  It  completely  fills  the  in- 
terior of  the  tie  and  is  compressed  very  firmly  by  the  pressure  of  passing  trains. 

The  ties  are  of  wrought  irou,  and  are  used  without  any  paint  or  other  protection 
against  rust.  They  are  manufactured  in  Bavaria  by  the  Maximilian  Works,  at 
Haidhof,  and  by  Kriimer  Brothers,  of  St.  Ingbert.  They  cost,  in  April,  1889,  $30.50  per 
ton  at  the  works.  So  far  there  had  not  been  any  appreciable  wear.  The  reasons  for 
adopting  these  ties  were  to  obtain  a  tirm  and  stable  track,  a  long  life  for  the  ties,  and 
a  security  of  the  rail  fastenings.  The  general  results  have  been  very  satisfactory, 
there  having  been  no  trouble  with  the  fastenings,  nor  with  the  maintenance  of  track. 
No  breakages  have  occurred  and  the  rails  only  break  the  same  as  on  wooden  ties. 
An  iron  tie  costs  96  cents,  and  a  pine  tie,  impregnated  with  chloride  of  zinc,  67  cents. 
The  latter  lasts  on  an  average  about  twelve  years. 

Besides  the  proper  shape,  a  certain  dead  weight  of  the  tie  is  absolutely  necessary 
for  the  stability  of  the  track,  and  the  engineers  of  these  lines  consider  a  weight  of 
139  pounds  per  tie  as  the  minimum  admissible  weight  for  track  with  ordinary  traffic. 
Mr.  Heindl  recommends  for  main  lines  with  a  heavy  traffic  a  weight  of  175  pounds 
per  tie.  [While  general  experience  does  not  seem  to  bear  out  the  requirement  of 
such  weight,  I  would  call  especial  attention  to  this  point  of  minimum  weight,  as  in 
many  cases  metal  ties  have  been  designed  and  invented  in  which  every  other  feature 
has  been  sacrificed  in  order  to  secure  the  least  possible  weight  and  amount  of  material 
and  consequent  cheapness  in  first  cost.  Ties  of  such  design  cannot  be  efficient  in 
service,  and  are  likely  to  make  a  track  very  inferior  to  one  laid  with  wooden  ties, 
however  desirable  the  use  of  the  metal  may  be  in  itself.  This  is  one  of  the  pronounced 
defects  of  some  of  the  ties  patented  in  this  country. — E.  E.  R.  T.  ] 
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The  eDgineers  of  these  lines  consider  the  horizontal  tie  to  be  superior  to  one  having 
the  ends  inclined  upvrard.  A  tie-plate  is  also  considered  advantageous  with  metal 
tvack,  because  it  distributes  the  vertical  pressure  over  a  larger  area,  prevents  the 
flanges  of  the  rail  from  wearing  into  the  tie,  aud  gives  also  a  wider  bearing  to  resist 
lateral  pressure.  Good  results  are  expected  from  the  method  of  fastening  the  rails, 
especially  on  account  of  the  separation  of  the  part  resisting  the  horizontal  thrust 
from  the  part  resisting  the  overturning  of  the  rail.  The  former  are  firmly  seated,  and 
are  not  affected  by  the  inevitable  motion  of  the  rail.  [It  has  the  disadvantage, 
however,  of  increasing  the  number  of  parts,  but  this  appears  to  be  a  matter  of  very 
secondary  importance  in  European  track  practice. — E.  E.  R.  T.] 

The  ties  are  of  inverted  trough  section  (See  plate  No.  14),  8. '2  feet  long,  5. '2  inches 
wide  on  top,  9.6  inches  wide  at  the  bottom.  They  are  horizontal  and  of  uniform  sec- 
tion throughout ;  the  ends  are  closed  by  bending  down  the  top  table  to  a  depth  of  4.8 
inches,  and  in  the  older  ties  the  sides  were  also  bent  round  at  the  ends.  The 
weight  is  13S.6  pounds  per  tie.  The  top  table  is  .36  inch  thick,  and  the  sides  from 
.3  inch  near  the  bottom  to  .32  inch  near  the  top.  At  .each  rail  seat  are  two  oblong 
holes  *2.32  inches  long  by  .92  inch  wide,  4.08  inches  apart  in  the  clear.  There  are 
eleven  ties  to  a  rail  length  of  29.52  feet :  the  joint  ties  are  spaced  20  inches  center  to 
center,  the  nest  30.1  inches,  the  next  two  spacings  34  inches,  and  the  remainder  36 
inches. 

The  rails  are  of  steel,  of  flanged  section,  5.22  inches  high,  with  a  flange  4.20  inches 
wide,  head  2.32  inches  wide,  top  table  9  inches  radius,  top  corners  .55  inch  radius, 
weighing  62.78  pounds  per  yard.  Each  rail  rests  on  an  iron  tie-plate  4.64  inches  long, 
5.12  inches  wide,  with  notches  for  the  rail  fastenings  ;  the  rail  seat  has  an  inward  in- 
clination of  1  in  20,  and  is  from  .22  inch  to  .44  inch  thick;  at  the  outer  edge  the  plate 
is  .68  inch  thick,  having  a  rib  which  resists  the  outward  pressure  of  the  rail  flange. 
The  weight  is  2.16  pounds  per  plate.  The  fastenings  consist  of  gauge-wa-hers, 
clamps,  and  bolts;  the  former  are  2.6  inches  wide  along  the  rail,  and  of  difterent 
lengths  according  to  the  gauge  ;  one  end  butts  against  the  tie-plate,  having  a  notch 
for  the  bolt,  and  the  other  end  has  a  lug  which  fits  into  the  hole  in  the  tie.  Upon  this 
is  the  clamp,  one  end  resting  on  the  washer  aud  the  other  on  the  rail.flange.  They  are 
held  together  by  a  x-lie^^-^ed  bolt,  .80  inch  diameter,  weighing  .95  pound  each,  with 
the  nut  screwing  down  on  the  clamps.  At  one  tie  in  each  rail  length  a  short  piece  of 
angle-bar  is  bolted  to  the  rail,  the  flange  bearing  against  the  side  of  the  rail  fastening 
and  preventing  creeping  of  the  rail.  The  fastening  is  similar  to  the  "Ruppel"  type 
(see  Lefr-Bank-of-the-Rhine  Railway),  but  with  the  rail-clamp  of  the  latter  divided 
horizontally  into  two  parts.  The  rail  joints  are  suspended  and  are  spliced  by  a  pair 
of  angle-bars  and  four  bolts;  the  bolts  are  .88  inch  diameter,  aud  are  spaced  4.20 
inches  center  to  center,  for  the  inner  ones,  aud  5  inches  for  the  outer  ones.  A  space 
of  .20  inch  is  left  at  the  rail  ends. 

The  weight  of  this  track  per  rail  length  is  given  as  follows: 

[Per  29.  52  feet.] 


Material. 


2  rails 

nties 

2  outer  angle-bars 
2  inner  angle-bars 

8  splice-bolts 

22  tie-plates 

44  gauge-washers  . 


Weight. 


Pounds. 
1,  235.  52 
1,  524.  60 
39.16 
52.36 
10.12 
47.  52 
30.80 


MateriaL 


Weigjit. 


Pounds. 

44  fastening  bolts 46. 42 

44  rail-clamps 24. 64 

Total   3.011.14 

Total  per  yard 334.40 


Baden  State  Eailways.— Mr.  Bricka,  in  his  report  to  the  Minister 
of  Public  Works  (France),  mentioned  the  curious  fact  that  on  these 
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lines  the  work  of  maintenance  is  done  by  contract ;  the  railway  admin- 
istration fnrnisbing  tlie  material.  Tlie  work  is  said  to  be  well  done,  and 
the  method  to  have  proved  satisfactory.  The  plan  has  also  been  tried 
on  the  Wnrtemborg'  State  Railways,  and  on  the  Swiss  Central  Railway. 
He  gives  the  following  statement  of  the  track  for  the  end  of  1884: 

Miles. 

Main  lines 701.84 

Local  lines ,. 97.96 

Total  track 1,425.38 

Wooden  ties 1,239.38 

Metal  loiigitiuliuals 3.  72 

Metal  ties 182.28 

The  following  particulars  are  from  an  official  statement  received  in 

September,  1889: 

The  total  length  of  railways  in  operation  is  857. 888  miles,  of  which  343.288  miles 
are  donble  track  and  514. GOO  miles  are  single  track.  The  total  length  of  main  track 
is  1,178.10  miles,  and  of  this  amount  at  the  end  of  1888  there  were  569.878  miles,  or 
47.8  per  cent.,  laid  with  metal  track,  inclnding  2.604  miles  with  longitudinals  and 
567.274  with  cross-ties.  Iron  cross-ties  were  first  used  in  1881,  and  the  experience 
with  them  proved  so  satisfactory  that  they  are  being  used  exclusively  for  renewals 
for  all  main  track  now  laid  with  wooden  ties.  During  the  last  few  years  iron  ties 
have  also  been  used  in  the  construction  of  new  roads.  The  renewal  of  wooden  with 
iron  ties  upon  all  the  main  tracks  of  these  railways  will  be  completed  in  eight  or  ten 
years. 

The  ties  weigh  94.16  pounds  each,  but  it  is  intended  to  use  heavier  ties  as  an  ex- 
periment. They  are  not  painted  or  otherwise  treated,  but  no  damage  by  rust  has 
been  observed.  The  time  during  which  they  have  been  in  service  is  too  short  to  allow 
of  any  observations  being  made  as  to  their  durability  or  life.  As  far  as  the  expe- 
rience goes,  the  iron  ties  are  found  to  have  considerable  advantages  as  compared 
with  wooden  ties;  they  last  longer,  and  so  reduce  the  cost  of  maintenance;  they  also 
keep  the  track  in  line  better  and  maintain  the  gauge  more  accurately.  At  first,  how- 
ever, the  maintenance  of  track  on  iron  ties  is  not  cheaper  than  that  of  track  on 
wooden  ties.  The  adjustment  of  gauge  is  effected  by  a  washer  on  the  bolt,  with  the 
bolt  hole  placed  eccentrically,  allowing  for  each  line  of  rails  three  side  movements  of 
.132,  .268,  and  .40  inch,  so  that  the  gauge  can  be  widened  .80  inch. 

The  ballast  is  generally  of  coarse  gravel  or  broken  stone,  in  pieces  upwards  of  2.4 
inches  diameter,  free  from  earth  or  sand.  This  material  admits  of  proper  drainage 
and  has  proved  satisfactory.  The  heaviest  locomotives  weigh  107,800  pounds  in 
working  order,  and  have  a  maximum  load  of  15,400  pounds  per  driving-wheel.  The 
trafiSc  consists  of  passenger  and  freight  trains. 

The  ties  are  of  the  original  "  Berg-and-Mark'^  type,  as  used  on  the 
Elberfeld  division  of  the  Prussian  State  Kailways  (see  Plate  No.  12) ; 
formerly  they  were  of  iron,  but  since  1883  they  have  been  made  of 
mild  steel.  The  earlier  ones  were  7.38  feet  long,  which  was  consid- 
ered too  short.  The  ties  now  used  are  7.87  feet  long,  4.8  inches  wide 
on  top,  8.8  inches  wide  at  the  bottom,  2.4  inches  deep,  with  the 
sides  vertical  for  1.2  inches  from  the  bottom.  The  thickness  of  the 
sides  is  from  .24  to  .28  inch,  and  of  the  top  table  .36  inch.  The 
middle  part  of  the  tie  is  horizontal  for  a  length  of  3.28  teet.  The  rail 
seiits  are  inclined  upward  1  in  20  for  a  length  of  25  inches,  and  then  the 
tie  inclines  downward  to  the  end.     At  the  ends  the  top  table  is  bent 
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down  and  flared  out,  so  that  the  closed  ends  are  4  inches  deep  and  10.8 
inches  wide  over  the  bottom.  The  bolt  holes  are  .84:  inch  square,  with 
rounded  corners.  They  are  staggered  at  each  rail  seat  instead  of 
being  placed  opposite  one  another.  The  rails  are  of  flange  section. 
made  of  Bessemer  steel.  The  fastenings  cousist  of  bolted  clamps,  on 
the  Roth-and-Schuler  plan.  (See  plate  Xo.  13.)  The  bolt  is  .76  inch 
diameter,  with  a  neck  .80  inch  square,  and  a  round  cup  head  1.36  inches 
diameter;  the  bolt  passes  through  a  gauge-washer  and  rail  clamp,  and 
the  nut  screws  down  on  the  latter.  The  washer  is  1.76  inches  square 
and  .56  inch  thick  ;  it  has  a  bolt  holo  .80  iuch  in  diameter,  so  placed  as  to 
be  .28,  .412,  .548,  and  .68-iuch  from  the  four  sides,  thus  permitting  a  close 
adjustment  to  gauge;  the  rail  flange  buts  against  this  plate  or  washer. 

The  clamp  is  of  channel  shape  (j j)  and  fits  over  the  gauge  washer; 

it  is  2.84  inches  by  2.6  inches,  with  an  oval  bolt  hole  .84  by  1.24  inches; 
it  is  about  .52  inch  thick ;  the  shorter  leg  is  .68  inch  deep  and  bears  on 
the  rail  flange;  the  longer  one  is  1.16  inches  deep  and  bears  on  the  tie. 
There  are  11  ties  to  a  rail  length  of  29.52  feet;  the  joint  ties  are  spaced 
22.8  inches  apart,  center  to  center,  and  the  intermediate  ties  33.72 
inches.  The  weight  of  this  track  is  2,640  pounds  per  rail  length,  or 
267.6  pounds  per  yard.  Prices  bid  for  ties  in  December,  1889,  averaged 
about  $38.20  per  ton. 

The  roadbed  is  crowned  at  subgrade,  and  the  ballast  is  filled  in  level 
with  the  tops  of  the  ties.  For  double  track  lines  the  width  over  the 
bottom  of  the  ballast  is  26.24  feet,  and  the  side  slopes  are  2  to  3,  giving 
18  inches  of  ballast  beyond  the  ends  of  the  tie;  the  depth  of  ballast  is 
18  inches  at  the  side,  and  12  inches  at  the  middle.  For  single  track 
the  width  at  the  bottom  is  14.27  feet,  side  slopes  2  to  3,  giving  18  inches 
of  ballast  beyond  the  ends  of  the  tie;  the  depth  of  the  ballast  is  16 
inches  at  the  side  and  12.8  inches  at  the  middle.  At  stations  the  top 
of  the  ballast  is  level  with  the  surface  of  the  ground ;  it  is  11.48  feet 
wide  on  top,  10  inches  deep  at  the  sides,  and  16  inches  deep  at  the  mid- 
dle, so  that  all  water  runs  to  the  bottom  at  the  middle,  where  there  is 
a  drain  covered  with  broken  stone  of  large  size. 

WuPvTEMBEiiG  State  Ratlways, — Metal  cross-ties  have  been  used 
since  1879,  and  several  different  forms  have  been  used.  Those  now  used 
are  of  the  modified  Vautherin  section,  with  ribs  instead  of  flanges  ou 
the  lower  edges,  and  with  a  rib  1.66  inches  wide  along  the  underside 
of  the  top  table  to  strengthen  it  at  the  holes  for  the  fastenings.  The  tie 
is  7.87  feet  long,  5.2  inches  wide  on  top,  10.4  inches  wide  at  the  bottom, 
3.2  inches  deep ;  the  top  table  is  .36  inch  thick,  and  .52  inch  at  the 
thickened  part.  The  weight  is  130  pounds  per  tie.  The  tie  is  bent  up 
at  the  rail  seat,  and  then  slopes  down  so  that  the  end  is  at  the  same 
level  as  the  middle.  The  ends  are  closed  by  riveted  pieces.  The  rails 
are  secured  by  gib  and  cotter  fastenings,  similar  to  those  used  on  the 
Elberfeld  division  of  the  Prussian  state  railways,  and  they  have  given 
satisfaction.    The  work  of  maintenance  is  less  than  with  track  on 
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wooden  ties  owing  to  the  weight  of  the  tie.  At  tlie  end  of  1884  there 
were  104  miles  of  metal  ties,  out  of  a  total  of  1,420  miles,  and  it  was 
then  expected  to  extend  this  about  37.2  miles  per  year. 

The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  of 
1884 : 

Miles. 

Maiu  lines 878.54 

Local  lines 78.  74 

Total  track 1,404.92 

Wooden  ties 1, 185.  44 

Metal  longitudinals 16.74 

Metal  ties 194.06 

Stone  blocks,  etc 8.  68 

Alsace-Lorraine  State  Eailways.— A  number  of  different  sys- 
terns  of  metal  track  have  been  tried,  and  in  August,  1889,  the  manage- 
ment reported  that  there  were  in  use  eight  kinds  of  metal  track  and 
four  systems  of  attachments.  Of  the  total  length  of  track  there  were 
then  as  follows : 

Miles. 

Wooden  ties.-.. 888.931 

Metal  longitudinals 583. 686 

Iron  and  steel  ties 312.  015 

The  form  of  cross-tie  adopted  in  1887  is  of  the  modified  ''  Berg-and- 
Mark"  type  (See  plate  No.  12);  8.85  feet  long,  5.2  inches  wide  on  top, 
10.52  inches  wide  over  all,  3.6  inches  deep ;  the  sides  are  .28  inch  thick 
and  the  top  table  .32  inch;  weight  156J  pounds.  The  earlier  form  of 
the  tie  of  this  tj'pe  was  7.87  feet  long,  4.4  inches  wide  on  to^),  7.84  inches 
wide  inside  at  the  bottom,  9.2  inches  wide  over  the  ribs,  3  inches  deep, 
top  table  .4  inch  thick,  weight  126.5  pounds;  it  was  bent  to  a  curve  to 
give  the  rails  an  inward  inclination.  The  rails  were  of  flange  section 
and  were  secured  by  clamps  and  bolts  on  a  plan  similar  to  the  Ruppel 
plan.  The  newer  ties  are  horizontal,  and  the  '-'•  Haarmann  "tie-plate  and 
bolt  fastening  are  used,  as  on  the  Cologne  division  of  the  Prussian 
State  Railways.  The  ends  are  closed.  With  this  newer  form  of  track 
there  are  ten  ties  to  a  rail  length  of  29.52  feet;  the  joint  ties  are  spaced 
23.6  inches,  center  to  center,  the  next  30.4  inches,  the  next  38  inches, 
and  the  intermediate  ties  30|  inches.  The  weight  of  the  track  is 
3,204.88  pounds  per  rail  length,  or  325.70  pounds  per  yard.  The  Hoerde 
or  Post  ties  are  also  being  tried. 

A  cross-tie  of  the  ^'  Haarmann  "  type  has  also  been  used  ;  it  was  7.87 
feet  long,  4.28  inches  wide  inside  at  the  bottom,  10  inches  wide  over  all; 
the  edges  of  the  flanges  were  turned  down  .80  inch ;  depth  over  all  (not 
including  the  end  plates)  2.56  inches.  The  end  plates  were  of  double 
angle,  or  |— '  section,  riveted  to  the  horizontal  flanges,  closing  the 
end  of  the  "  cap  "  of  the  tie  and  projecting  1.2  inches  below  the  flanges. 
The  weight  was  106.7  pounds  per  tie.  The  "  Haarmann"  tie-plate  and 
rail  fastening  were  used,  requiring  only  one  bolt  and  clamp  for  each  rail. 
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The  Hilf  system  of  longltudioals  has  been  tried  on  this  line.  The 
longitudinals  were  24.6  feet  long,  12  inches  wide  at  the  bottom  and  2.4 
inches  deep;  the  thickness  of  sides  and  top  was  .32  inch.  The  rails 
were  secured  by  bolted  clamps,  on  a  plan  similar  to  that  used  for  the 
cross-ties  on  the  Hesse-Louis  Railway,  but  the  bolts  had  not  eccentric 
necks.  The  rail  joints  were  spliced  by  one  angle-bar  and  one  channel- 
bar.  At  the  joints  of  the  longitudinals  was  a  cross-tie  7.5  feet  long, 
and  the  gauge  was  maintained  by  tie-rods  passing  through  the  web  of 
the  rail  and  secured  by  nuts  ;  these  were  spaced  12.3  feet  apart.  Lon- 
gitudinals of  the  "Ehenish"  type  were  also  used;  they  were  8  inches 
wide  on  top,  12  inches  wide  over  the  bottom  ribs,  9.84  inches  wide  in- 
side at  the  bottom  ;  3.6  inches  deep;  thickness  of  sides  .32  inch,  and  of 
top,  .36  inch.  They  were  24.6  feet  long,  and  weighed  63.6  pounds  per 
yard,  a  little  more  than  those  of  the  *'Hilf  "  type.  The  ends  were  closed. 
The  joints  of  the  longitudinals  were  spliced  by  saddle  plates  28.8  inches 
long,  of  almost  similar  section  to  them,  fitting  inside  and  secured  by 
bolts.  There  were  no  cross-ties,  the  gauge  being  maintained  by  tie-rods 
placed  at  intervals  of  12.3  feet.  Longitudinals  are  now  only  used  in 
exceptional  cases.  The  Hartwich  system  of  combined  rails  and  longi- 
tudinals, consisting  merely  of  deep  flange  rails,  without  cross-ties,  has 
been  used  where  local  lines  are  laid  in  the  streets  or  along  roads.  Tlie 
rails  were  29.52  feet  long,  7.2  inches  high,  with  a  head  2  inches  wide 
and  a  flange  4.8 inches  wide;  weight,  73.2  pounds  per  yard.  They  were 
connected  at  intervals  of  9  feet  10 J  inches  by  round  tie-rods,  1  inch 
diameter,  passed  through  the  webs  and  secured  by  a  nut  on  each  side  of 
each  rail ;  there  were  three  tie-rods  to  each  rail  length.  The  rails  were 
spliced  at  the  joints  by  angle-bars  with  two  rows  of  bolts.  The  weight 
of  the  track  was  1,647.9  pounds  per  rail  length,  or  183.10  pounds  per  yard. 
Great  care  was  taken  to  insure  proper  drainage.  At  subgrade  a  line 
of  large  rough  stone  blocks  was  laid  under  each  rail,  and  upon  this 
was  a  bed  of  broken  stone  in  which  the  rail  was  bedded  to  the  middle 
of  the  web.  The  ballast  was  filled  in  to  the  level  of  the  rail  heads,  with 
a  paving  of  blocks  just  under  the  tie-rods.  Cross-drains  were  laid  at 
intervals.  These  precautions,  however,  were  expensive,  diminishing  any 
economy  due  to  this  system  of  track.  This  track  was  first  laid  about 
five  years  ago. 

The  weights  of  the  engines  in  use  in  1885  were  as  follows: 


Class  of  engine. 


Total 

weight. 


Passenger 

Freight 

Mixed 

For  secondarj'  lines. 


Founds. 

Pov.nds. 

80,  000 

32,  230 

86,  240 

30, 140 

68,  750 

28,  600 

55,  880 

Maximum 
weight  on 
one  axle. 
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The  following  is  Mr.  Bricka's  statement  of  the  track  for  the  end  o^' 
1884 : 

Miles. 

Main  lines 699.98 

Local  lines 109.12 

Total  track 1,516.52 

Wooden  ties 874.  82 

Metal  ties 79.98 

Metal  longitudinals 559.  86 

Stone  blocks,  etc 1.  86 

Main-Neckar  Railway  (See  plates  Nos.  12  and  13).— On  this  line 
mild  steel  cross-ties  have  been  used  since  1880,  and  their  use  is  being- 
extended.  The  original  Yautherin  section  is  adhered  to,  with  the  rail- 
seats  formed  on  the  Hoesch-Lichthammer  plan.  Mr.  Bricka  iii  his  report 
(1885)  stated  that  wooden  ties  were  not  being  used  for  new  lines  or 
general  renewals.  He  reported  the  track  as  excellent.  He  examined 
ties  that  had  been  in  service  for  three  years  and  found  no  signs  of 
wear  under  tbe  rails  or  at  the  bolt-holes.  The  track  behaved  as  well 
under  the  passage  of  trains  as  the  best  track  on  wooden  ties,  and  cost 
less  for  maintenance.  The  following  is  his  statement  of  the  track  for 
the  end  of  1884: 

Miles. 

Main  lines 58.  28 

Total  track 148.94 

Wooden  ties 126.  48 

Metal  ties 20.46 

In  October,  1889,  I  received  the  following  report  from  this  railway, 
with  a  letter  stating  that  it  would  have  been  sent  at  an  earlier  date, 
but  that  having  adopted  that  year  a  heavier  section  of  tie  they  pre- 
ferred to  wait  untd  particulars  of  these  new  ties  could  be  given: 

Up  to  the  end  of  1889,  aboat  100,000  cross-ties  on  the  Hoscli-Licbthammerplan  had 
been  laid;  equal  to  about  12,500  rail  lengths  of  24.6  feet,  or  58.125  miles  of  track. 
Iron  ties  were  first  used  in  18S1,  and  each  year,  until  no^,  10,000  ties  have  been  laid; 
in  1884  and  1SS5,  however,  20,000  ties  were  laid  each  year.  The  ties  are  now  of  mild 
steel.  The  traffic  is  very  heavy.  The  ties  are  manufactured  by  the  Hoesch  Iron  and 
Steel  Works,  of  Dortmund;  the  De  Wendel  Works,  of  Haizengen  ;  and  the  Hoerde 
Mining  and  Rolling  Mill  Company,  of  Hoerde.  The  cost  per  ton  (1.000  kilograms ;= 
2,200  pounds)  is  from  $33.10  to  $35.90,  delivered  at  the  Darmstadt  station.  At  pres- 
ent the  life  of  the  ties  cannot  be  given,  but  it  is  estimated  (from  eight  years'  experi- 
ence) that  they  will  certainly  last  between  thirty  and  fifty  years.  Formerly  gravel 
ballast  was  used,  but  broken  stone  is  now  adopted  as  experience  has  proved  its  supe- 
riority, especially  forthe  heavy  ties  of  the  section  of  1889.  The  change  from  wooden  to 
iron  ties  was  made  because  at  the  same  cost  of  iron  and  wooden  ties  the  former  give 
certainly  more  security  and  better  gauge,  and  are  also  of  longer  duration.  At  first 
ties  of  .32  inch  thickness  were  used,  which,  at  the  prices  at  that  time,  were  hardly 
more  expensive  than  oak  ties.  These  light  ties  (weighing  84.414  pounds  each)  had 
the  disadvantage  that  the  entire  track,  rails  and  ties,  was  too  light:  it  had  to  be  fre- 
quently tamped  and  straightened  or  lined  np.  It  was  thought  that  this  objection 
"would  be  remedied  by  increasing  the  thickness  of  the  tie  to  .40  inch,  giving  a  weight 
5f  106.75  pounds.     The  resnlt  was  not  as  good  as  had  been  expected,  and  therefore,  in 

22893— Bull.  4 10 


146 

1889,  ties  -u-eighing  135.3  pounds  were  adopted,  but  were  not  delivered  until  October 
of  that  year.  Tlie  good  results  expected  from  the  use  of  metal  ties  have  been  in  the 
main  realized,  and  the  safety  of  the  traffic  is  increased.  The  maintenance  of  track 
with  the  light  metal  ties  was  a  little  more  expensive  than  with  wooden  ties.  There 
is  no  more  trouble  with  the  rail  joints  on  these  ties  than  on  wooden  ties.  Breakages 
of  ties  occur  very  rarely,  and  of  rails  hardly  ever.  The  metal  ties  have  maintained 
the  gauge  accurately,  which  was  not  always  the  case  with  wooden  ties.  Formerly 
two-thirds  of  pine  and  one  third  of  oak  ties  were  used,  both  impregnated  with  a 
solution  of  sublimate.  They  were  8.2  feet  long,  5  to  5.5  inches  wide,  and  4  inches 
thick.  The  cost  was  $1.27|  per  tie  for  oak,  and  73f  cents  for  pine.  The  adzing  of 
the  rail  seat  cost  2  cents,  ani  the  preserving  8f  cents,  so  that  the  cost  for  tie  com- 
plete was  |l.38J  for  oak  and  84^  cents  for  pine.  The  life  is  from  fifteen  to  twenty 
years  for  oak,  and  from  five  to  eight  years  for  pine.  The  sharpest  curve  on  which 
the  metal  ties  are  laid  is  of  1,148  feet  radius,  and  the  steepest  grade  is  1  in  333. 

The  ties  of  1880  were  of  mild  steel ;  they  were  8.2  feet  long,  4  inches  wide  on  top, 
2.4  laches  deep,  8.8  inches  wide  over  the  bottom  flanges,  which  were  .6  inch  wide  ; 
the  thickness  was  from  .24  inch  at  the  lower  part  of  the  sides,  to  .32  inch  at  the  top 
table.     The  middle  portion  of  the  tie  was  horizontal  for  4.26  feet,  the  rail  seats  were 
inclined  1  in  20  for  8.52  inches,  and  the  tie  was  then  horizontal  to  the  end.     The 
weight  was  81.41  pounds  per  tie.     The  fastenings  were  of  the  Ruppel  plan  of  bolted      i 
clamps.     The  bolt  holes  at  each  rail  seat  were  staggered.     The  rail  joints  were  even     I 
and  suspended,  spliced  by  straight  plates  and  four  bolts.     To  a  rail  length  of  24.6     ] 
feet  there  were  nine  ties  ;  the  joint  ties  spaced  21,6  inches  apart,  center  to  center,  and     ' 
the  intermediate  ties  34.8  inches.     Ttie  ties  of  1883  were  similar  to  the  above,  but  the     i 
thickness  was  from  .26  inch  to  .36  inch.     The  ends  and  middle  of  the  tie  were  in  the     Ij 
same  horizontal  line,  the  rail  seats  being  inclined  and  then  sloped  back  to  the  normal     [I 
level.     At  the  rail  joints  one  of  each  pair  of  clamps  was  long  enough  to  cover  the     ■ 
width  of  the  flange  of  the  rail.     There  were  nine  ties  to  a  rail  length  of  24.6  feet;     j 
the  joint  ties  were  spaced  20.4  inches  apart,  center  to  center  ;  the  next  31.88  inches, 
and  the  intermediate  ties  36  inches.     The  weight  was  91.85  pounds  per  tie.     These     ' 
ties  were  of  mild  steel.     The  ties  of  1886  were  similar  to  those  of  1883,  but  the  thick-     : 
ness  was  from  .32  inch  to  .40-inch.     The  rail  joints  were  spliced  by  one  channel  bar     I 
and  one  straight  bar,  27.2  iuches  long,  with  six  bolts.     The  weight  was  106.75  pounds,     j 
There  were  nine  ties  to  a  rail  length  of  24.6  feet;  the  joint  ties  spaced  26.08  inches    j 
center  to  center,  the  next  ones  29.04  iuches,  and  the  intermediate  ties  36  inches.  ; 

The  ties  of  the  type  adopted  in  1889  are  of  the  same  general  type.     They  are  8.2    j 
feet  long,  5.6  inches  wide  on  top,  2.8  inches  deep,  10.4  inches  wide  over  the  bottom 
flanges,  which  are  .72  inch  wide.     The  thickness  is  .32  inch  at  the  sides  and  .40-inch    ' 
at  the  flanges  and  the  top  table.     The  rail  seat  is  inclined  for  a  length  of  10  inches,     j 
and  then  slopes  back  in  6  inches  to  the  horizontal  line  of  the  tie.     The  ends  are  bent 
to  a  depth  of  4.8  inches.     The  weight  is  135.2  pounds  per  tie.     The  fastenings  are  of 
the  Ruppel  system.     The  rails  are  of  flange  section,  5.2  inches  high,  with  a  flange  4    j 
inches  wide.    The  joints  are  spliced  by  one  straight  and  one  channel  bar,  with  six 
bolts.     For  a  rail  length  of  24.6  feet  there  are  nine  ties.    The  joint  ties  are  spaced  26.08    l 
inches  center  to  center,  the  next  ones  29.04  inclies,  and  the  intermediate  ties  36  inches.    | 
For  a  rail  length  of  32.8  feet,  there  are  twelve  ties;  the  joint  ties  are  spaced  26.08    j 
inches  center  to  center,  the  next  oues  28.64  inches,  and  the  intermediate  ties  35.2    ; 
inches.     The  weight  of  the  track  for  a  rail  length  of  24.6  feet  is  2,337.32  pounds,  or 
28.5  pounds  per  yard. 

Hesse  Louis  Railway. — On  this  Hue  the  Hilf  system  of  lougitudiuaJs 
has  been  tried,  but  this  system  of  track  was  abandoned,  as  the  cost  of 
maintenance  on  the  78  miles  laid  with  it  was  found  to  be,  during  the 
years  1881  to  1886,  36  per  cent,  higher  than  that  of  track  on  cross-ties. 
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The  *'Berg-aucl-Miirk"  tyi)e  of  cross  ties  is  now  used.     The  following 
is  Mr.  Bricka^s  statement  of  the  track  at  the  end  of  1884 : 

Miles. 

Maiu  Hues 420.  3G 

Total  track 757.02 

Wooden  ties 484.46 

Metal  longitudinals 78. 12 

Metal  ties 192.20 

Stone  blocks,  etc 1. 24 

The  following  is  from  a  special  report  received  in  January  1890  : 

Metal  track  is  in  use  to  a  greater  or  less  extent  on  all  the  divisions  of  the  road. 
The  lines  from  Frankfort-on-Main  to  Eschhofen,  from  Wiesbaden  to  Niederuhausen, 
from  Babenhausen  to  Hanau,  and  from  Erbach  to  Eberbach,  are  laid  entirely  with 
metal  track.  At  the  end  of  1888,  there  were  304.42  miles  of  main  line,  and  75.02  miles 
of  locallines,  laid  with  such  track;  making  a  total  of  379.44  miles.  The  steepest 
grade  on  which  the  track  is  laid  is  1.43  per  cent.  (1  in  70\  and  the  sharpest  cuivehas 
a  radius  of  about  984  feet.  The  first  metai  track  was  laid  in  1874.  The  traffic  con- 
sists of  passenger,  freight  and  express  trains.  The  heaviest  locomotives  w«igh  48 
tons,  without  the  tender,  and  have  a  maximum  load  of  7  tons  on  the  driving  wheels. 

At  the  end  of  1888  the  metal  track  included  300.08  miles  of  cross-ties  and  79.36 
miles  of  longitudinals.  The  longitudinals  are  of  the  Hilf  type,  with  middle  rib. 
The  cross-ties  are  of  similar  section,  but  without  the  middle  rib;  they  are  8.2  feet 
long  and  weigh  114.4  pounds,  Both  longitudinals  and  cross-ties  are  of  rolled  iron. 
They  are  not  treated  with  any  preparation  to  resist  rust.  They  are  manufactured  by 
the  Luxemburg  Metal  Works,  the  Saarbruck  Iron  Works,  and  the  Burbach  Forge 
Company,  near  Saarbruck.  During  1888,  the  contract  price  for  cross-ties  averaged 
^28  per  2,200  pounds,  at  the  works.  Longitudinals  have  not  been  purchased  since 
1879.  The  cost  of  maintenance  of  the  track  on  metal  ties  can  only  be  given  for  the 
parts  which  are  laid  entirely  with  metal  track ;  on  the  other  parts  the  costs  for 
wages,  road-bed  material,  etc.,  for  track  on  iron  and  wooden  ties,  are  not  kept  in 
separate  accounts.  In  1888  the  cost  for  maintenance  of  track,  for  material  and  wageS; 
per  kilometer,  was  as  follows: 

(a)  Frankfurt  Station  to  Eschhofen $108 

(6)  Wiesbaden  to  Niederuhausen 79 

( c)  Babenhausen  to  Hanau 87 

(d)  Erbach  to  Eberbach 85 

The  cost  per  car  axle  per  kilometer  is  calculated  as  follows :  (a)  6.25  cents ;  (&)  8.5 

cents;  (c)  7.25  cents;  (d)  9.75  cents. 

At  curves,  the  holes  in  the  longitudinals  are  drilled  to  correspond  to  the  curves, 
and  the  gauge  is  kept  by  the  cross  connections  and  the  cross-ties  under  the  joints  of 
the  longitudinals.  With  cross-ties,  the  bolts  which  fasten  the  rails  have  eccentric 
necks  which  admit  of  an  adjustment  or  widening  of  gauge  at  curves  of  .72  inch  in 
nine  movements.  Tie-rods  are  used  with  the  track  on  longitudinals.  When  first 
laid,  only  one  tie-rod  was  placed  to  each  pair  of  longitudinals,  but  experience  proved 
that  a  second  was  desirable.  These  tie  rods  are  placed  at  the  middle  and  ends  of 
the  rails,  and  are  secured  by  bolts  and  nuts.  As  to  the  durability,  the  time  during 
which  the  metal  crack  has  been  in  service  to  a  large  extent  is  loo  short  to  enable 
a  definite  statement  to  be  made.  The  ballast  consists  of  gravel  and  broken  stone. 
Coarse  gravel  or  broken  stone  are  good ;  fine  gravel  or  sand  are  not  so  satisfactory. 
The  width  of  ballast  is  from  11.48  feet  to  22.96  feet.  The  rails  are  of  flange  sec. 
tion ;  those  on  longitudinals  weigh  about  52  pounds  per  yard ;  those  on  cross-ties 
weigh  71.65  pounds  per  yard.  In  exceptional  cases,  rails  weighing  71.65  pounds  per 
yard  will  be  laid  on  longitudinals.     On  longitudinals  the  rail  joints  are  spliced  by 
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a  pair  of  plain  splice  bars ;  on  cross-ties  tLey  are  spliced  by  a  pair  of  angle-bars.  On 
track  witli  cross-ties  the  rail  joints  are  suspended.  Metal  track  was  used  princi- 
cipally  because  wooden  ties  weresometimes  difficult  to  obtain,  and  also  because  with 
metal  track  a  better  track-laying  and  maintenance  of  gauge  is  insured  than  is  at- 
tainable with  wooden  ties.  The  results  with  metal  track  thus  far  are  thoroughly 
satisfactory.  With  good  road-bed  material  the  maintenance  of  the  track  gives  no 
trouble,  and  neither  is  there  auy  trouble  with  the  rail  fastenings.  No  transverse 
breakages  have  occurred  with  longitudinals  or  cross-tics ;  on  the  other  hand  cracks 
lengthwise  of  the  tie  are  not  uncommon  between  the  bolt  holes,  and  a  stronger  con- 
struction of  the  track  was  very  soon  required.  An  opinion  can  not  yet  be  given  as  to 
the  comparative  durability  or  life  of  metal  and  wooden  ties.  An  impregnated  pine 
tie  costs  at  present  86  cents;  an  impregnated  beech  tie,  84  cents  to  $1.27;  and  an 
oak  tie,  ^1.30  to  $1.42.  The  life  of  an  impregnated  pine  tie  averages  ten  years,  that 
of  an  impregnated  oak  tie,  twelve  years.  The  life  of  beech  ties  is  not  yet  determined. 
The  temperature  ranges  between  —  15°  C.  and  +  25°  C.  in  the  shade.  No  effect  of 
the  climate  upon  wooden  or  metal  ties  has  been  observed.  The  cross-ties  are  consid- 
ered better  than  longitudinals,  as  they  give  a  better  drainage  of  the  road-bed,  and 
consequently  the  work  of  maintenance  of  the  track  is  less. 

The  following  particulars  are  taken  from  the  drawings  accompanying 
the  above  communication : 

The  longitudinals  are  29.39  feet  long,  for  rails  29.52  feet  long  ;  the  joints  of  rails 
and  longitudinals  corresponding.  They  are  7.2  inches  wide  on  top,  12  inches  wide  at 
the  bottom,  2.4  inches  deep ;  the  sides  are  vertical  for  1.2  inches  from  the  bottom  and 
the  middle  rib  is  the  full  depth.  The  thickness  is  .32  inch;  the  middle  rib  is  .8  inch 
thick  at  the  upper  part  and  .4  inch  thick  at  the  bottom.  The  cross- ties  at  the  joints 
are  of  similar  section  ;  they  are  8.53  feet  long,  with  the  middle  portion  horizontal 
and  the  ends  bent  up  at  an  inclination  of  1  in  20  to  give  an  inward  inclination  to  the 
longitudinals  and  rails.  Each  rail  is  secured  to  the  longitudinal  by  twelve  pairs  of 
bolted  clamps,  spaced  about  34  inches  center  to  center,  and  26.2  inches  at  the  rail  ends. 
The  longitudinals  are  attached  to  the  cross-ties  by  bolted  clamps.  The  longitudinals 
and  cross-ties  weigh  59.1  pounds  per  yard,  or  579  and  168  pounds  each,  respectively. 
The  weight  of  the  track  is  2,484.5  pounds  per  length  of  29.39  feet,  or  276  pounds  per 
yard.  The  ballast  consists  of  a  bottom  course  of  large  stone,  and  an  upper  course  of 
ordinary  broken  stone,  filled  in  to  the  tops  of  the  longitudinals. 

The  cross-ties  are  8.2  feet  long,  4.8  inches  wide  on  top,  9.6  inches  wide  at  the  bot- 
tom, 2.8  inches  deep;  the  sides  are  vertical  for  1.2  inches  from  the  bottom.     The 
thickness  of  the  sides  is  from  .24  to  .36  inch ;  the  top  table  is  .4  inch  thick.     The  mid- 
dle portion  of  the  tie  is  horizontal,  the  rail-seats  are  inclined  for  alength  of  16  inches, 
and  the  tie  is  then  horizontal  to  the  ends,  which  arc  closed  by  bending  down  the  top  i 
table  to  a  depth  of  4  inches.     The  bolt-holes  are  oblong,  1.24  by  .88  inch;  they  are  i 
3.6  inches  apart  in  the  clear  and  are  staggered,   being  1.6  inches  center  to  center-  \ 
The  rails  are  secured  by  lolted  clamps  (See  plate  No.  13).     The  bolts  have  eccentric 
necks  to  permit  of  adjuslments  of  gauge,  and  have  hemispherical  heads,  so  that  they 
can  not  be  put  in  from  above.     The  clamps  are  of  r"  shape,  the  horizontal  leg  rest- 
ing on  the  rail-flange  and  the  vertical  leg  on  the  tie.      There  are  eleven  ties  to  a  rail 
length  of  29.52  feet;  they  are  spaced  25.2  inches  center  to  center  at  the  joints,  31.4 
inches  next,  and  the  intermediate  ties  34  inches  center  to  center.     The  rail-joints  are 
spliced  by  angle-bars  and  four  bolts  ;  the  bars  bear  against  the  clamps  on  the  cross- 
ties,  and  creeping  of  the  rails  is  thus  prevented.  i  f   '' 

Lower  Palatine  (Pfalz)  Railway. — The  following  particulars  are  flj?^ 
taken  from  a  statement  and  drawings  furnished  in  September,  1889,  by  "'Ji 
the  officers  of  the  Pfalz  Railway  (Rhenish  Bavaria)  for  the  purpose  ot 
'jhis  report : 
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On  the  railway's  of  the  Pahitiue,  iron  cross-ties  have  been  used  since  1885 ;  at  first 
they  were  of  wronght  iron,  bnt  are  now  of  mild  steel,  manufactured  by  Ihc  Thomas 
process.  As  far  as  experience  goes,  these  ties  have  proved  successful.  They  are  now 
used  not  only  in  continuous  stretches,  but  also  singly  in  exchange  for  wooden  ties  in 
ordinary  renewals.  The  total  quantity,  up  to  the  end  of  1889,  is  about  160,000  ties, 
and  there  are  continuous  stretches  of  track  63.80  mile?  long  laid  with  them. 

The  ties  are  of  the  Hoerde  type,  similar  to  the  "  Post  "  type  (See  "  Holland"),  ex- 
cept that  each  side  is  in  one  plane  instead  of  two,  as  in  the  latter.  They  are  7.H7  feet 
long,  and  weigh  114.4  pounds.  The  top  is  horizontal  at  the  middle,  inclined  upward 
1  in  20  at  the  rail-seats,  and  then  sloped  down  to  the  ends,  which  are  closed.  At  the 
outer  part  of  the  rail-seat  the  tie  is  4  inches  wide  on  top,  9.4  inches  wide  over  the 
bottom  ribs,  3.56  inches  deep,  .44  inch  thick  on  top ;  under  the  rail  it  is  4.4  inches 
wide  on  top,  9.4  inches  wide  over  the  bottom  ribs,  3.26  inches  deep,  .44  inch  thick  on 
top;  at  the  inner  part  of  the  rail-seat  it  is  4.8  inches  wide  on  top,  9.4  inches  wide 
over  the  bottom  ribs,  2.8  inches  deep,  .28  inch  thick  on  top  ;  at  the  middle,  it  is  of  fl 
section,  t]at  for  about  1  inch  on  top,  3  inches  wide  just  below  the  top,  4^  inches  wide 
over  the  bottom,  5  inches  deep,  .28  inch  thick.  The  top  table  is  bent  down  at  the 
end,  projecting  2.8  inches  below  the  bottom  of  the  tie.  The  rails  are  fastened  by 
bolted  clamps,  on  the  Ruppel  system.  The  rails  are  of  flange  section,  5.36  inches 
high  and  4.20  inches  wide  over  the  flange.  There  are  nine  ties  to  a  rail  length  of  24.6 
feet  ;  the  joint-ties  are  spaced  about  22  inches  center  to  center,  the  next  33  inches, 
and  the  intermediate  ties  37.75  inches.  The  track  weighs  about  2,362  pounds  per 
rail  length,  or  270  pounds  per  yard. 

LuBECK  AND  BucHEN  RAILWAY.— On  this  line  metal  ties  have  been 
tried  since  1878.  Mild  steel  cross-ties  of  inverted  trongh  section  are 
now  used;  they  are  somewhat  narrower  and  deeper  at  the  middle  than 
at  the  ends.  The  section  at  the  rail-seat  resembles  that  of  the  Hilf  or 
the  modified  "  Berg-and-Mark  "  ties,  but  the  vertical  part  of  the  sides 
is  very  shallow,  and  has  a  small  rib  on  the  bottom  edge;  the  section  at 
the  middle  more  nearly  resembles  that  of  the  •'  Post"  tie,  but  here  too 
the  change  of  plane  of  the  sides  is  very  low  down.  The  tie  is  7.87  feet 
long,  and  weighs  107.8  pounds;  at  the  rail-seat  it  is  9.2  inches  wide 
over  the  bottom  and  3.2  inches  deep,  with  the  top  table  .36  inch  thick, 
and  the  sides  .3  inch  thick  at  the  top  and  .25  inch  at  tlie  bottom ;  at 
the  middle  it  is  8  inches  wide  at  the  bottom  and  4  inches  deep,  with  the 
same  thickness.  The  rails  are  of  flange  section,  weighing  70.42  pounds 
per  yard,  and  are  secured  by  clamps  and  J,-headed  bolts;  the  bolt- 
holes  are  staggered.  For  a  rail  length  of  29.52  feet  there  are  eleven 
ties;  the  joint-ties  are  spaced  27.12  inches  center  to  center,  the  next 
ones  33.24  inches,  and  the  intermediate  ties  33.32  inches.  The  weight 
of  the  track  is  2,716.36  pounds  per  rail  length,  or  276  pounds  per 
yard. 

Halberstadt  and  Blankenberg  Eailway.— Cross-ties  of  the 
"  Berg-and-Mark  "  type  are  used,  with  gib  and  cotter  fastenings.  They 
are  7.12  feet  long,  have  the  ends  bent  to  an  inclination  of  1  in  20,  and 
weigh  88  i)ounds  each.  The  rails  are  of  flange  section,  21.62  feet  long, 
5.2  inches  high,  with  a  flange  4  inches  wide.  The  weight  of  the  track 
is  1,767.87  pounds  per  rail  length,  or  245.37  pounds  per  yard.  This 
railway  includes  the  rack-rail  line,  on  the  Abt  system,  from  Blankenberg 
to  Taune.    The  ties  are  o^  similar  section  to  the  above,  7.21  feet  long, 
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8  inches  wide  ou  the  bottom,  and  weighing  90  pounds  each.  The  ends 
are  closed  by  riveted  angle-irons,  and  other  angle-irons  are  riveted  inside 
at  about  18  inches  from  the  end.  The  ties  are  spaced  about  33  inches 
center  to  center.  The  rack-rail  is  carried  in  chairs  which  are  fastened 
to  the  ties  by  gib  and  cotter  fasteniugs  similar  to  those  for  the  track- 
rails.  The  ballast  is  filled  into  the  ends  of  the  tie  to  the  inner  angle- 
irons,  and  the  middle  part  of  the  track  between  the  rails  is  left  entirely 
clear  of  ballast. 

MULHA-USEN,  ENSISHEIM  AND   WiTTENHEBI  EAIL WAY.— This  is  a 

country  tramway  line,  built  partly  along  the  public  highway,  and  the 
information  given,  which  is  taken  from  a  report  published  in  1888,  re- 
fers only  to  the  section  from  Mulhausen  to  Ensisheim,  the  extension  of 
4.83  miles  to  Wittenheim  not  having  been  built  at  the  time  of  the  report. 
The  line  was  opened  in  December,  1885,  being  built  to  develop  the  trade 
of  the  old  city  of  Ensisheim,  which  had  declined  on  account  of  its 
isolation  from  railway  communication.  The  line  is  10.22  miles  long,  1 
meter  gauge  ^  maximum  grade  2.4  x^er  cent,  for  295.20  feet,  with  other 
grades  of  1.2  to  2  per  cent,  for  a  total  length  of  1,459.60  feet.  The 
sharpest  curve  is  Qo.Q  feet  radius,  and  the  alignment  is  as  follows: 
Tangents,  7.70  miles,  or  76  per  cent.;  curves  of  3,280  feet  radius,  .35 
mile,  or  3  per  cent.;  curves  of  1,640  to  328  feet  radius,  1.63  miles,  or 
16  per  cent.;  curves  of  less  than  328  feet  radius,  .53  mile,  or  5  per 
cent. 

Three  systems  of  track  have  been  adopted  :  (1)  The  Demerbe  track, 
consisting  of  a  rail  of  saddle  or  inverted  trough  section,  weighing 
61.36  pounds  per  yard.  On  the  upper  surface  is  a  groove  for  the  wheel 
flanges.  It  is  used  for  a  length  of  3.5  miles  for  passing  through  villages 
It  requires  no  bolts,  being  secured  by  keys.  On  tangents  the  rails  are 
29.52  feet  long^  and  on  curves  of  65.6,  98.4,  and  114.8  teet  radius  they 
are  14.76  feet  long,  with  two  cross-ties.  The  rail  is  the  same  as  tbat 
used  on  the  Mulhausen  street  railway,  but  the  attachments  and  splices 
are  simpler.  (2)  Flange  rails  on  oak  ties.  (3)  Flauge  rails  on  iron 
longitudinals.  This  system,  employed  especially  where  the  width  of 
the  road  is  not  more  than  22.96  inches  from  the  center  of  the  track  to  the 
side,  is  composed  of  a  rail  3.4  inches  high,  bolted  to  an  iron  longitudi- 
nal. The  joints  are  entirely  suspended,  the  splice  plates  being  clear 
of  the  ends  of  the  longitudinals.  The  rails  weigh  31.69  pounds  per 
yard,  the  longitudinals  24.75  pounds  per  yard,  and  the  track  complete 
about  120.75  pounds  per  yard.  The  rails  are  29.35  and  29.52  feet  long, 
and  the  longitudinals  27.71  and  27.88  feet.  The  gauge  is  maintained 
by  five  tie-rods  of  round  iron  to  each  pair  of  longitudinals,  secured  by 
nuts  at  the  ends  ;  they  are  spaced  5.9  feet  center  to  center.  With  this 
system  of  track,  which  is  laid  for  a  length  of  2.32  miles,  the  minimum 
curvature  possible  is  328  feet  radius,  on  account  of  the  necessity  of 
bending  the  longitudinals.  For  curves  of  328  to  656  feet  radius,  the 
outer  and  inner  rails  are  19,68  and  19.51  feet  long  respectively,  and  the 
outer  and  inner  longitudinals  are  18.04  and  17.87  feet  long  respectively. 
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HoLLENTHAL  RAILWAY. — Tliis  is  a  standard  gauge  railway  between 
Freiburg-  and  Neustadt,  wliieh  was  oi)eued  in  Ma}-,  1887.  It  is  211J  miles 
long,  of  which  4^  miles  are  fitted  as  a  rack  railway.  The  rack  used  is 
of  the  Marsh  (or  so  called  J\iggenback)  ladder  type.  The  track  is  laid 
with  mild  steel  cross  ties  of  the  Hilf  type,  with  closed  ends.  The  rails 
are  of  flange  section,  and  are  fastened  to  the  tie  by  bolted  clamps ;  the 
chairs  for  the  rack  rail  are  bolted  to  the  middle  of  the  tie.  The  rails  are 
29.52  feet  long  and  weigh  72.84  pounds  per  yard.  There  are  ten  ties  to 
a  rail  length.  The  ordinary  track  weighs  246.3  pounds  per  yard,  and 
the  rack  and  appurtenances  250.8  pounds  per  yard. 

TIES. 

The  Hoerde  Tie. — This  is  practically  the  same  as  the  ''Post"  steel  cross-tie,  already- 
described  (see  Holland).  In  February,  1888,  the  manufacturing  company  (Hoerder, 
liergwerks  nnd  Hutten  Verein)  ytated  that  the  following  numbers  of  these  ties  had 
already  been  supplied  :  German  railways,  500,000  ;  Gotthard  Railway,  160,000;  Swiss 
Western  Railway,  100,000;  Sumatra  Railway,  80,000  ;  Dutch  State  railways,  100,000; 
total  1,000,000  ties.  Besides  these,  about  200,000  had  been  laid  in  France  and  Belgium. 
The  price  then  varied  from  $25.84  to  $28.34  per  ton,  free  on  board  at  Antwerp,  accord- 
ing to  size  and  quantity. 

The  special  features  of  this  form  of  tie  are  that  the  inclination  of  1  in  20  is  given 
to  the  rail  seat  in  the  process  of  rolling,  while  at  the  same  time  an  increased  thick- 
ness is  given  to  the  same  part  to  increase  its  strength  and  durability.  The  tie  is  also 
made  narrower  and  deeper  at  the  middle  than  at  the  ends.  By  the  method  of  rolling 
just  mentioned  the  metal  is  subjected  to  less  working  and  fatigue  than  when  the  seat 
is  stamped  to  shape  by  a  subsequent  operation  ;  the  thickness  may  be  increased  .12 
to  .16  inch,  while  at  the  same  time  ft  may  be  reduced  at  other  parts  of  the  tie  without 
diminishing  the  efficiency  of  the  tie.  A  reduction  of  10  per  cent,  in  weight  is  claimed, 
with  equal  strength  and  durability  to  a  tie  of  uniform  section.  By  making  the  tie 
deep  at  the  middle  its  stiffness  or  rigidity  is  increased,  and  any  buckling  or  bending 
which  might  alter  the  width  of  the  gauge  is  prevented,  even  when  the  tie  is  improp- 
erly ballasted.  For  mam  lines  it  is  not  advisable  to  reduce  the  weight  below  110 
pounds,  but  it  is  claimed  that  for  secondary  railways  the  ties  may  weigh  only  72.6  to 
77  pounds  where  now  ties  weighing  99  pounds  are  used.  The  deepening  at  the  middle 
also  prevents  firm  tamping  of  the  tie  in  the  middle,  and  the  trackmen  are  given 
special  Instructions  to  tamp  only  the  part  under  the  rails,  leaving  the  middle  free,  to 
prevent  "  hogging"  of  the  ties.  Such  motion  as  the  tie  may  have  in  the  ballast  tends 
to  drive  the  ballast  from  the  middle  toward  the  rail  seats. 

For  main  lines  the  tie  is  8.53  feet  long,  11.2  inches  wide  at  the  ends,  9.4  inches 
wide  for  about  26  inches  from  the  ends,  and  then  narrowing  to  4.72  inches  at 
the  middle.  The  depth  is  5.24  inches  at  the  middle,  2.32  and  2.92  inches  at  the 
inner  and  outer  parts  of  the  rail  seat ;  the  ends  are  closed  by  bending  down  the  top 
table  to  below  the  level  of  the  body  of  the  tie.  On  each  of  the  bottom  edges  is  a 
broad  rib  of  triangular  section.  The  section  is  generally  polygonal,  each  of  the  sides 
being  in  two  planes  ;  in  some  cases  the  sides  are  in  one  plane  only,  forming  an  ordi- 
nary inverted  trough.  The  thickness  at  the  rail  seat  is  .24  inch  at  the  bottom  of  the 
sides,  increasing  to  .34  inch  at  the  upper  part  of  the  sides  and  .36  inch  at  the  top 
table.  The  thickness  at  other  parts  of  the  tie  averages  .24  inch.  The  fastenings 
consist  of  tee-headed  bolts  with  eccentric  necks,  which  admit  of  tidjustment  of  the 
gauge ;  the  bolt  passes  through  a  clamp,  one  end  of  which  rests  on  the  rail  flange 
and  the  other  end  on  the  tie,  the  latter  having  a  rib  on  the  under  siue  \o  bring  the 
top  level ;  the  nut  is  screwed  down  on  the  clamp.  The  clamps  are  2,6  by  2.16  inches, 
about  .4  inch  thick,  and  .8  inch  deep  at  the  outer  side  ;  the  bolt-hole  is  .96  inch 
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diameter.  Special  bolts,  witli  necks  of  differeut  dimensions,  are  used  for  curves,  and 
these  bolts  are  marked  as  already  described  for  the  "Post"  tie  (See  "Holland"). 
The  widening  of  gauge  of  .32  iucb  and  .4  inch,  required  in  ordinary  service,  can  be 
effected  with  the  ordinary  bolts,  the  special  bolts  being  used  at  the  points  of  change 
from  one  adjnstment  of  gauge  to  the  other,  and  at  the  ends  of  curves  of  less  than 
3,280  feet  radius.  The  bolt-holes  are  in  identically  the  same  position  on  all  the  ties. 
Verona  nut-locks  are  used  for  the  fastening  and  joint  bolts.  The  rail  joints  are  sus- 
pended and  are  spliced  ^ith  angle-bars.  For  rail  lengths  of  29.52  feet,  the  joint  ties 
are  spaced  26.8  inches  center  to  center,  and  the  intermediate  ties  about  37  inches. 
The  weight  of  the  track  is  given  as  follows: 


Materials 


Weight  per  rail  length. 
"Weight  per  yard 


Unit 
weight. 


Total 
weight. 


2  rails,  29.52  feet  long per  yard.. 

10  ties,  8.52  feet  loDg,  9.4  inches  wide. each.. 

4  splice-bars,  22.8  iuches  long do. .. 

8  splice-bolts,  . 88  inch  diameter do . . . 

40  rail-clamps  .      do  . 

40  track-bolts,  .88  inch  diameter do... 

48  nut-locks do... 


Pounds. 

Pounds. 

67.2 

1,  ;{22.  64 

110 

1, 100.  00 

25.30 

101.20 

1.21 

9.  (;8 

.66 

26  40 

1.10 

44.00 

.039 

1.S9 

2,605.81 
264.  825 


The  manufacturers  give  particulars  of  tests  of  the  comparative  strength  of  the.se 
types  of  ties:  No.  1,  Netherlands  State  Railways,  narrow  and  deep  at  the  middle;  8.52 
feet  long,  9.4  inches  wide,  and  2.32  inches  deep  at  rail  seats,  4.72  inches  wide,  and 
5.24  inches  deep  at  the  middle,  .24  to  .36  inch  thick,  weigliing  110  to  120  pounds. 
No.  2,  of  similar  type,  but  of  uniform  section  throughout,  9.4  inches  wide  at  the  bottom 
and  2.32  inches  deep.  No.  3,  a  tie  of  inverted  trough  section,  used  on  the  Right- 
Bank-of-the-Rhine  Railway,  Germany;  8.85  feet  long,  4.8  inches  wide  on  top,  9.44 
inches  wide  at  the  bottom,  3.1  inches  deep,  with  the  inner  part  of  the  side  vertical 
for  1  inch  from  the  bottom,  the  outer  part  being  a  thickened  rib  ;  sides  .2-i  inch  and 
top  .32  inch  wide;  weight  125.4  pounds.  The  ties  were  supported  at  the  middle.  A 
beam  or  rail  was  laid  across  the  two  track  rails,  and  upon  this  heavy  frogs  were 
placed,  the  load  being  uniformly  distributed.  The  bending  down  of  the  unsupported 
ends  of  the  ties  would  widen  the  gauge.  No.  1,  the  widening  of  the  gauge  was  from 
.18  inch  with  6,050  pounds  to  .39  inch  with  12,100  pounds  load.  The  only  permanent 
set  was  with  this  last  load.  No.  2,  with  a  load  of  7,260  pounds,  the  tie  failed  at  the 
middle,  being  entirely  deformed.  No.  3,  the  tie  failed  at  the  middle  under  a  load  of 
9,680  pounds  and  was  entirely  deformed. 

For  light  or  portable  railways  of  24  inches  gauge,  the  works  manufacture  two 
forms  of  ties:  No.  1  is  32.8  iuches  long,  horizontal  and  shallow  at  the  ends,  with  the 
top  table  arched  up  at  the  middle  to  increase  the  depth  and  stiffness;  the  ends  are 
closed.  It  is  4  inches  wide  and  1  inch  deep  at  the  ends,  2.24  inches  wide,  and  2.2 
inches  deep  at  the  middle ;  thickness,  .16  and  .24  inch  at  the  rail  seats.  No.  2  is  of 
uniform  section  throughout.  The  rails  are  6.56  feet  long,  of  flange  section,  but  with 
a  narrower  flange  on  the  inner  side  of  the  rail ;  they  are  2.6  inches  high,  1.88  inches 
wide  over  the  flange,  with  a  head  .92  inch  wide.  The  fastenings  consist  of  hook- 
bolts,  the  hook-head  holding  the  rail  flange  and  the  nut  being  on  the  inside  of  the 
tie.  The  rail  joints  are  spliced  by  straight  plates  riveted  to  one  end  of  each  rail  of 
each  section  of  track,  the  ends  of  the  rails  of  the  next  section  being  inserted  between 
the  projecting  plates.  The  ties  are  spaced  16  inches  apart,  center  to  center,  at  the 
joints,  and  32  inches  apart  intermediate.  The  track  is  made  in  sections  6.56  feet 
long,  each  consisting  of  two  rails,  three  ties,  and  four  plates.  The  weight  of  one 
such  section  is  about  88  pounds. 
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The  Good  Hope  Works  ties. — The  Goo(l-Hoi)c  Works,  at  Oborhansen,  manufacture  a 
luiuiber  of  ditferent  forms  of  ties  mid  fasteuiugs.  One  type  is  somewhat  similar 
to  that  adopted  for  the  Indian  .State  railways.  (See  "India.")  It  is  8  feet  long  for 
standard  gauge  lines;  at  the  middle  it  is  4|  inches  deep  and  8^  inches  wide  on  the 
bottom  ;  at  the  rail  seat  it  is  9^  inches  wide  on  the  bottom,  with  vertical  sides  and 
rounded  corners ;  the  top  table  is  horizontal  and  at  the  ends  it  is  bent  down  and 
flared  out  to  a  width  of  13  inches.  The  rails  are  of  flange  section  and  rest  on  metal 
tie-plates,  which  give  them  the  required  inclination.  The  fastenings  consist  of  a  gib 
to  hold  the  outer  flange  and  two  gibs  and  a  cotter  for  the  inner  flange.  The  plate 
from  which  the  tie  is  made  is  8  feet  5  inches  long  by  15|  inches  wide,  and  weighs  9 
pounds  per  square  foot.  The  tie  weighs  98  pounds,  the  two  tie-plates  weigh  12 
pounds,  and  the  fastenings  9^-  pounds,  making  a  total  of  119^^  pounds  for  each  tie 
complete.  Similar  ties  are  made  for  gauges  of  5  feet  3  inches  (weighing  125^  pounds) 
and  5  feet  6  inches  (total  weight  128^  pounds).  It  is  also  made  for  the  3  feet  6  inches 
gauge,  but  is  of  arched  section  in  the  middle,  and  broader  and  shallower  under  the 
rails;  the  tie-plates  are  not  used;  the  tie  weighs  56  poands,  or  8  jjounds  per  square 
foot,  and  the  fastenings  3|  pounds.  The  rails  are  of  flange  section,  weighing  41| 
pounds  for  the  narrow  gauge  and  53  pounds  per  yard  for  the  wider  gauges.  Ties  of 
the  Haarmann  and  Vautherin  types  are  also  manufactured. 

The  Burl'hardt  lotigitudiuals. — The  following  description  of  this  system  of  track  is 
abstracted  from  the  Minutes  of  the  Proceedings  of  the  Institution  of  Civil  Engineers 
(England),  Vol.  LXXXI,  1885: 

"  The  lougitudinal  is  of  inverted  channel  section,  27  feet  10^  inches  long,  9.76  inches 
wnde  on  top,  2.36  inches  deep,  and  12.6  inches  wide  over  the  flanges.  One  of  the  ends 
is  closed  by  a  riveted  plate  and  the  other  by  the  cross-tie  connection.  A  space  of  19| 
inches  is  left  between  the  ends  of  the  longitudinals,  and  this  space  comes  under  the 
rail-joiuts.  The  rails  are  fastened  at  nine  points  by  bolts  and  clamps.  There  are 
three  cross-ties  to  each  longitudinal  -f  they  are  of  angle  or  channel  iron,  6  feet  7  inches 
Jong,  4  inches  deep.     The  weight  of  the  track  is  268  pounds  per  yard." 

Ties  made  from  old  rails.— A  system  has  been  designed  byL.  Schulke,  of  Dusseldorf, 
for  utilizing  old  rails  for  ties.  The  rails,  of  flange  section,  are  cut  into  lengths  of 
about  7  feet  6  inches,  and  two  of  these  pieces  laid  on  the  side,  head  to  head,  form  one 
cross-tie.  The  heads  and  webs  are  cut  away  on  the  upper  side  at  each  rail  seat  for 
the  metal  tie-plates,  upon  which  the  rails  rest.  The  track  rails  are  secured  by  bolted 
clamps,  different  sizes  of  clamps  being  used  for  the  adjustment  of  the  gauge.  It  is 
stated  that  the  average  price  for  old  rails  in  Germany  in  1887  was  about  |10  per  net 
ton  for  heavy  iron  rails  and  about  $7.50  per  ton  for  light  steel  rails.  The  weight  of 
these  ties  is  from  60  to  100  per  cent,  greater  than  that  of  wooden  ties.  It  is  claimed 
that  while  ten  iron  or  wooden  ties  are  used  to  a  rail  length  of  29.52  feet,  only  eight  of 
these  ties  would  be  required,  especially  if  the  two  parts  of  each  tie  were  placed 
further  apart,  and  the  tie  plates  lengthened  accordingly.  They  may  be  spaced  from 
29.6  inches  at  the  joints  to  36  inches  intermediate.  The  manufacture  requires  a  con- 
siderable amount  of  shop  work — sawing  to  length,  cutting  the  seats  for  the  tie-plates, 
making  the  bolt-holes,  etc. — all  of  which  is  expensive.  While  the  plan  might  be 
successful  for  light  railways  with  small  traffic,  it  is  not  likely  to  be  practicable  for 
main  lines  or  heavy  traffic.  As  to  the  supply  of  material,  it  will  be  noted  that  one 
rail  30  feet  long  will  only  make  two  ties. 

These  ties  have  been  tried  on  two  or  three  railways  in  Germany,  and  a  few  have 
been  tried  in  Belgium.  They  are  said  to  have  given  satisfactory  results  as  to  main- 
tenance, but  it  is  not  probable  that  they  will  be  adopted  to  any  extent. 

Metal  ties  at  switches  and  frogs. — On  the  Prussian  state  railways  the 
metal  ties  are  employed  at  switches  and  frogs.  The  ties  are  of  the 
modified  "  Berg-and-Mark"  type,  11.2  inches  wide  over  the  bottom  and  3 
inches  deep.    Bolted  clamp  fastenings  are  used.    For  a  length  of  81.45 
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feet  over  a  switch  and  frog,  there  are  40  ties  of  various  leugths,  from 
the  ordinary  length  of  7.87  feet  to  14.76  feet  beyond  the  frog;  this  long 
tie  holding  all  the  rails.  The  tie  to  which  the  switch  lever  and  api)a- 
ratus  is  fastened  is  12.46  feet  long.  The  ties  are  variously  spaced  ;  30 
inches  center  to  center  at  the  frog,  32.4  inches  at  the  switch,  and  up  to 
37.2  inches  intermediate.  At  the  switch  there  is  a  bed-plate  18.6  feet 
long  by  14.8  inches  wide  under  each  line  of  rails,  covering  8  ties.  The 
frog  and  guard  rails  cover  5  ties.  At  crossings  and  slip  switches  the 
arrangement  of  the  ties  is  rather  more  compbcated. 

The  work  of  laying  and  fitting  switches  and  frogs  on  these  ties  is 
probably  more  difficult  than  with  wooden  ties,  but  when  once  laid  they 
require  much  less  attention,  owing  to  the  secure  fastenings  and  the 
accurate  maintenance  of  the  gauge,  and  the  track  is  certainly  much 
safer  than  with  the  ordinary  arrangement  of  frogs  and  switches.  The 
fact  of  the  introduction  of  metal  ties  at  these  points  is  an  evidence  of 
the  favor  with  which  such  ties  are  considered. 

SUMMARY  OF  METAL  TEACK  FOR  GERMANY. 


Railways. 


Year. 


Ties. 


Longitud 
inals. 


Total 
track. 


Prussian  state  railways : 

Berlin  division 

Elber  feld  division 

Colo,2;ue  division  (R) 

Cologne  division  {L) 

Frankfurt  division 

Erfurt  division 

Hanover  division 

Magdeburg  division 

Broraberg  division  

Bavarian  state  railways 

Baden  state  railways." 

Wurtemberg  state  railways . 

Alsace-Lorraine  railways\. . 

Main-Xeckar  Railway 

Hesse  Louis  Railway 

Lower-Palatine  Railway 

Hollenthal  Railway 


Total  included  in  this  report. 
Official  total  at  end  of  1888 . . . 


1884 
1887 
1888 
1888 
1884 
1889 
1884 
1884 
1888 
1889 
1889 
1889 


1888 


Miles. 

Miles. 

L24 

473. 06 

762.  60 

93.00 

450.  69 

162.  06 

943.  96 

241.  45 

37.82 

634. 88 

251.10 

107.  26 

340.  38 

126.  48 

13.02 

191.93 

140.  00 

399.  00 

567.  27 

2.61 

350.  00 

16.74 

312.02 

583.  69 

58.13 

300.  08 

79.36 

80.00 

4.75 

4, 493. 40 

3,231.18 

5,  224. 12 

3,  562.  52 

Miles. 
474. 30 
855.  GO 
612.75 

1, 185.  41 

672.  70 

251.10 

447.  64 

139.  50 

191.93 

539.  00 

569.  88 

366.  74 

895.  71 

58. 13 

379.44 

80.00 

4.75 

7,  724.  58 

8,  786.  64 


AUSTRIA  AND  HIT^STGARY. 

General  Remarks.— Metal  tracks  of  different  kinds  have  been 
tried  on  the  most  important  railways,  and  the  two  types  which  have 
been  most  widely  experimented  with  are  the  Heindl  type  of  cross-ties 
and  the  Hohenegger  type  of  longitudinals.  On  the  lines  where  wooden 
ties  are  used  metal  tie-plates  are  frequently  employed  to  prevent  the 
cutting  of  the  wood  by  the  flange  of  the  rail ;  they  are  not  generally 
used  on  every  tie,  except  on  very  sharp  curves;  they  are  generally 
heavy  plates  about  5.25  by  7.50  inches  and  .40-inch  thick  under  the 
rail,  with  a  rib  on  one  or  both  sides.  The  spikes  pass  through  the 
plate,  and  hold  both  rail  and  plate.  The  following  notes  as  to  the 
track  are  taken  from  an  article  of  mine,  ''  The  Austria-Hungarian  rail- 
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ways,"  i)iiblislied  in  the  Kailroad  Gazette,   New  York,  August  19, 

1887: 

The  iron  rails  aro  from  IW.G  pounds  ])er  yard  in  Icngtlis  of  18.14  feet  to  75  pounds 
per  yard  in  lcn<j;ths  of  11). G8  feet.  The  steel  rails  are  04.5  pounds  per  yard  in 
lengths  of  22.79  feet,  (36.3  pounds  per  yard  in  lengths  of  29.52  feet,  and  76.5  pounds 
pi'r  yard  in  lengths  of  22.79  feet ;  the  second  of  these  steel  rails  is  the  standard.  For- 
merly insistent  joints  were  used,  the  wooden  joint- ties  being  8.2  feet  long,  10  inches 
wide  on  top,  llf  inches  wide  at  the  bottom,  and  6  inches  thick.  Suspended  joints 
are,  however,  now  being  used.  The  ordinary  ties  are  about  8.2  feet  long,  6  inches 
wide  on  top  and  llf  inches  wide  at  the  bottom  ;  in  some  cases  both  sides  have  a 
slope,  in  others  one  side  is  vertical  and  the  other  slanting,  while  others  have  the  sides 
vertical,  but  with  the  corners  beveled  otf  to  the  top  width.  Gauge-rods  are  some- 
times used  on  curves. 

These  countries  are  said  to  be  among  the  most  favored  countries  in 
Europe  as  regards  the  production  of  timber. 

The  following  table,  showing  the  growth  of  the  railways  and  the 
steady  increase  in  the  use  of  metal  track,  is  from  the  report  of  Mr. 
Bricka  to  the  minister  of  public  works,  France,  in  1885. 

Mileage  of  railways  of  Austria  and  Hungary. 


Year. 

1                        f 
Main  lines.  Local  lines.  Total  track. 

1 

Wooden 
ties. 

Metal  longi- 
tudinals. 

Metal  cross- 
ties. 

1878         .           

10,600  14 
10,  621.  22 
10,  668.  34 
10,  626.  80 

10,  970.  28 
11,078.16 

11,  647.  32 

625. 58 
681.  38 
718.  58 
843.  34 
859.  94 
1,271.62 
1,  607.  04 

14,  977.  96 

15,  086. 46 
15,  237.  74 
15,351.20 

15,  860.  22 

16,  523.  00 

17,  681.  78 

34,966.18 
15,  071.  58 
15,219.14 

15,  324.  54 
15,821.78 

16,  464.  72 

17,  606.  76 

,1.78 
12.40 
16.12 
18,60 
27.28 
42. 16 
47.74 

1879     

2.48 

1880 

2.48 

1881          

8.06 

188:>       

11.16 

1883 

16.12 

1884          

27,  28 

Austrian  State  Railways. — Some  years  ago  a  few  metal  ties  of 
the  ^'Atzinger"  type,  designed  by  Mr.  Atzinger,  an  eugir^eer,  were  laid 
on  a  length  of  about  2.48  miles  on  the  Francis  Joseph  Railway,  which  is 
now  a  part  of  the  state  railways  system.  They  were  similar  to  the 
"  Berg-and-Mark"  type  of  tie,  with  the  Ruppel  plan  of  fastenings  (see 
Germany).  In  1879  wrought-iron  ties,  weighing  154  pounds  each,  were 
laid  for  a  length  of  about  .85  mile  between  Nussdorf  and  Kahlenberg- 
erdorf.  In  1882  mild  steel  ties  of  the  same  type  were  laid  for  a  length 
of  1.75  miles  between  the  latter  town  and  Klosterneuborg ;  these  were 
7.87  feet  long,  4.8  inches  wide  on  top,  9.6  inches  wide  at  the  bottom,  3.2 
inches  deep,  weighing  118.8  pounds.  The  ends  were  closed.  On  this 
single  track  line  there  was  an  ordinary  traffic  of  forty  trains  per  day, 
^  with  seventy  trains  on  fete  days. 

The  Serres-and-Battig  system  of  longitudinals  (Plate  No.  11)  was 
also  tried  about  ten  or  twelve  years  ago.  They  were  laid  in  1877-1879 
for  a  distance  of  .62  mile  on  the  line  from  Vienna  to  Bruck,  .62  mile  on 
the  line  from  Oravitza  to  Anina,  ana  also  in  the  station  at  Budapesth. 
The  longitudinal  consists  of  two  beams,  forming  a  A  or  a  x  with  a  very 
short  stem  when  assembled  together.  At  the  lower  edge  of  each  beam 
is  a  horizontal  flange,  and  the  upper  part  is  vertical  for  a  short  depth  ; 
between  these  vertical  parts  rests   the   web  of  a  tiangeless  T  rail, 
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secured  by  bolts  passing  througli  the  web  and  the  tops  of  the  two 
beams.  The  objects  of  this  system  are  as  follows:  (1)  To  make  a  track 
which  the  weight  of  trains  will  tend  to  keep  together  or  consohdate ;  (2) 
to  make  the  wearing  part  of  the  rail  renewable;  (3)  to  avoid  the  use  of 
small  pieces  of  material.  The  longitudinals  are  connected  at  their  joints 
by  flat  plates  bolted  to  the  horizontal  bottom  flanges.  The  transverse 
connections  consist  of  deep  bars  of  | — \-\ — |  section  passing  through 
the  longitudinals,  notched  to  receive  the  web  of  the  rails,  and  resting 
on  the  top  of  the  horizontal  flanges  of  the  longitudinals.  The  head  of 
the  rail  is  1.32  inches  deep;  the  vertical  part  of  the  longitudinals  upon 
which  rests  the  head  and  between  which  lies  the  web  of  the  rail,  .60  inch 
thick,  is  2.i8  inches  deep,  and  from  thence  to  the  level  of  the  top  of  tlie 
horizontal  flanges  is  2.98  inches:  these  flanges  are  2.48  inches  wide. 
The  width  of  the  longitudinals  at  the  bottom  is  7.64  inches  inside  and 
12.60  inches  over  the  flanges.  The  thickness  of  the  vertical  and  hori- 
zontal parts  is  about  .60  inch  and  of  the  inclined  parts  about  .24  inch  to 
.38  inch.  The  tie-bars  extend  beyond  the  longitudinals  and  are  placed 
about  7.87  feet  apart ;  they  are  4.48  inches  deep,  about  .32  inch  thick, 
with  flanges  about  1.8  inches  wide,  the  two  middle  ones  being  rather 
narrower.  The  bolts  holding  the  rails  and  longitudinals  together  are 
.76  inch  diameter,  with  oval  bolt  holes  to  allow  for  expansion.  The 
weight  of  the  track  was  about  258  pounds  per  yard.  The  line  was 
standard  gauge,  single  track,  with  the  ballast  deep  under  the  longitudi- 
nals and  on  the  outside  level  with  the  bottom  of  the  rail  head.  For 
curves,  the  parts  are  bent  at  the  works.  When  tried  in  Belgium  this 
track  was  unsatisfactory,  owing  to  the  poor  quality  of  the  iron  and  faulty 
construction,  but  in  Austria  it  has  given  good  results.  A  piece  of  track 
.62  mile  long  laid  in  1879,  near  Temesvar  and  Oravitza,  included  curves 
of  374  feet  radius  and  a  grade  of  2  per  cent. :  there  was  a  heavy  traffic, 
with  trains  hauled  by  engines  having  three  and  four  coupled  axles.  This 
section  of  track  was  found  by  Mr.  Bricka  in  1885  to  be  in  good  condi- 
tion :  the  repairs  had  been  few,  and  the  maintenance  was  reported  as 
having  been  more  economical  than  with  wooden  ties.  Further  experi- 
ments, on  a  more  extended  scale,  were  to  be  made.  Some  of  this  track 
was  still  in  service  in  1887.  It  is  said  to  have  given  especially  good  re- 
stilts  at  stations,  where  the  maintenance  is  difficult,  and  where  it  is 
necessary  to  avoid  a  frequent  renewal  of  the  ties.  The  comparison  of 
cost  has  been  given  as  follows : 

Ordinary      IZTcrT.t 
Materials.  J^f,^^;l^  ^^SoTmZll 

wooden  ties.       ^^^^j. 


Kails                                         

$3.36 
1.34 

.72 

1.30 

.36 

$1.98 

4.02 

Fii^stenin'^s                                                                      -       .. - - 

.06 

Baflast    '^      

.86 

LaviniT 

.14 

Total  cost  per  yard  7.  08 


J 
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The  most  extensive  experimeDts,  however,  have  been  with  the 
*'  Heiudr'  type  of  cross-tie  (Plate  No.  14),  the  inventiou  of  Mr.  Franz 
Heindl,  general  inspector  of  the  state  railways.  These  ties  have  been 
laid  as  follows  : 


Where  laid. 


Year. 


No.  of  miles. 


On  three  divisions 

In  the  Arlbertr  tunnel  (first  track)  — 
In  the  Arlberg  tunnel  (second  track) 
On  secondary  Railways 


1883 

1884 
1885 
1886 


Total 

At  stations  (side-tracks,  etc.) 


1.302 

6.634 

6.634 

13. 020 


27.  590 
24.  800 


Total  to  1888. 


The  ties  are  of  steel,  of  inverted  trough  section,  having  the  lower 
part  of  the  sides  vertical.  They  are  7.87  feet  long,  6  inches  wide  on 
top,  lO.-i  inches  wide  at  the  bottom,  4  inobes  deep  with  the  sides  verti- 
cal for  2.4  inches  from  the  bottom;  .32  inch  thick  at  the  sides  and  .40 
inch  on  top.  The  weight  is  158.4  pounds  per  tie.  The  fastenings  are 
rather  complicated  and  are  composed  of  a  number  of  pieces.  Each 
rail  rests  on  a  tie-plate  which  gives  the  inclination  of  1  in  16;  an  angle 
clamp  (p-)  is  placed  on  each  side,  the  top  resting  on  the  tie  with  its  end 
fitting  into  a  notch  in  the  tie-plate  and  the  lug  fitting  into  the  elongated 
bolt  hole  in  the  tie;  the  adjustment  of  gauge  is  eii'ected  by  using  dif- 
ferent sizes  of  these  clamps.  Lying  in  a  groove  in  the  top  of  this  clamp 
is  another  clamp  with  one  end  projecting  over  and  bearing  upon  the 
flange  of  the  rail.  A  i.-headed  bolt,  with  the  nut  on  top,  holds  these 
parts  together.  The  tie  is  horizontal  throughout  its  length.  Formerly" 
the  top  table  was  bent  down  at  the  end  to  a  depth  of  5.2  inches,  and 
the  sides  bent  round ;  now,  however,  the  projecting  end  of  the  top 
table  is  cut  to  such  a  shape  that  when  bent  down  it  effectually  closes 
the  ends  of  the  tie.  For  a  rail  length  of  24.6  feet  the  ties  are  spaced 
20  inches  apart  at  the  joints,  32  inches  next  to  the  joints,  and  36  inches 
center  to  center  of  intermediate  ties.  The  rails  are  of  flange  section, 
about  4.9  inches  high,  with  a  head  2.32  inches  wide  and  a  flange  4.48 
inches  wide.  The  joints  are  spliced  by  angle-bars  with  four  bolts.  The 
ballast  is  of  earthy  gravel.  The  weight  of  track  complete  is  2,833.58 
pounds  for  a  rail  length  of  24.6  feet,  or  345.6  pounds  per  yard. 

The  ties  for  the  secondary  railways  are  of  similar  type  to  those  already 
described  ;  5.2  inches  wide  on  top,  9  2  inches  wide  on  the  bottom,  3.2 
inches  deep  ;  thickness  of  sides  .32  inch,  and  of  the  top  .34  inch.  The 
weight  is  about  123.2  pounds. 

In  Arlberg  tunnel  coke-burning  engines  are  used.  For  particulars  of 
this  track,  see  a  note  on  "  The  Heindl  ties  "  further  on. 

Northern  Eailway.— In  1883  ties  of  the  "  Heindl"  type  were  laid 
for  a  length  of  1.21  miles  between  Vienna  and  Cracow,  on  the  Emperor 
Ferdinand  i^orthern  E  ail  way.    Part  was  laid  in  gravel  and  part  in 
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broken  stone  ballast.  Mr.  Bricka  states  that  he  noted  that  the  noise  of 
the  passage  of  trains  was  no  more  disagreeable  on  this  track  than  on 
the  parallel  track  laid  with  wooden  ties.  He  notes  this  as  an  interest- 
ing point,  as  showing  that  with  ties  of  proper  section  and  sut^ficient 
weight  the  vibrations  are  not  caused,  or  that  with  a  good  form  of  metal 
track  as  a  whole  thej  are  considerably  diminished.  These  ties  are  of 
similar  dimensions  and  weight  with  those  on  the  state  railways. 

AussiG  AND  Teplitz  Kailway.— Steel  cross-ties  of  the  Heindl  sys- 
tem were  laid  in  18>3  for  a  length  of  .62  mile.  They  are  of  similar 
weight  and  dimensioos  with  those  on  the  state  railways. 

Galtcian  (Carl-Louis)  Eailway.— A  length  of  .62  mile  was  laid 
with  the  Heindl  system  of  steel  cross-ties  in  1884.  These  also  are  simi- 
lar to  the  ties  in  use  on  the  state  railways. 

Northwestern  Eailway. — On  this  railway  metal  longitudinals 
have  been  tried  since  1876,  and  the  following  very  complete  description 
of  the  track  was  furnished  in  March,  1888,  by  Mr.  Hohenegger,  chief 
engineer,  for  the  purpose  of  this  report.     (See  plate  Xo.  14.) 

The  line  between  Yienua  and  Tetsclien  has  59.51  miles  laid  with  metal  track,  which 
have  been  laid  as  follows  : 


Year. 


I 


1876. 
1877. 
1878. 
18S0. 
1881. 
1882 . 
1883. 
1884. 
1885. 
1886. 
1887. 


I 

2.54 

ir 

2.45 

11 

4.70 

11 

3.33 

11 

2.58 

III 

7.87 

HI 

15.31 

in 

6.20 

in 

6.32 

in 

4.33 

m 

3.87 

Of  this  lenorth  the  alignment  is  as  follows  : 

mies. 

On  tangents 37. '21 

On  curves  of: 

9,840  to  3,2S0  feet  radius 7.44 

2,952  to  1,968  feet  radius 3.35 

1,640  to  1,148  feet  radius 11.00 

984  to  935  feet  radius 51 

There  are  daily,  in  both  directions,  two  fast  express  trains,  two  express  trains, 
eight  accommodation  trains,  and  at  least  ten  freight  trains.  The  passenger  engines 
weigh  42  tons  each,  in  working  order,  and  have  a  weight  of  12.4  tons  on  the  driving 
axle ;  the  freight  engines  weigh  45  tons  in  working  order  and  have  a  weight  of  11.25 
tons  on  the  driving  axle. 

The  track  is  laia  with  three  forms  of  metal  longitudinals:  2.54  miles  of  No.  I 
13.07  miles  of  No.  II,  and  43.90  miles  of  No.  111.  Those  of  forms  No.  I  and  No.  II  are 
made  from  old  iron  rails,  and  weigh  51.90  pounds  and  60.95  pounds  per  yard,  re- 
spectively; No.  Ill  are  of  mild  steel,  made  by  the  Thomas  process,  and  weigh  58.80 
pounds  per  yard.  There  is  no  protection  against  rr.st,  the  longitudinals  being  laid  in 
the  state  in  which  they  leave  the  rolls  ;  no  rust  has  thus  far  been  observed.  The 
longitudinals  are  manufactured  at  the  Teplitz  Rolling  Mill  and  Bessemer  Works. 
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Price. — The  prices  are  as  follows,  for  delivery  at  railway  stations :  No.  I,  $5.94  per 
22()  pouuds,  or  about  i^iCO  per  ton  ;  No.  II,  |3.4G  per  220  pounds,  or  about  ^35  per  ton ; 
No.  in,  §4.56  per  220  pouuds,  or  about  $H5  per  ton.  For  the  niauulacture  of  Nos.  I 
aud  II,  the  railway  companj'  furnished  the  necessary  old  rails,  which  were  accepted 
and  accounted  for  at  $1.92  per  220  pounds,  or  about  $20  per  ton. 

Benewah. — Of  form  No.  I,  after  eleven  years'  service,  one  longitudinal  was  re- 
newed on  account  of  the  opening  of  a  welded  joint ;  this  is  0.0001  per  cent,  of  the 
whole  Those  of  form  No.  II  were  made  from  old  flange  rails,  which  were  8iin[)ly 
welded  together,  and  rolled  in  three  sizes;  of  the  tirst  delivery,  after  ten  years'  serv- 
ice, 7.08  per  cent,  had  to  be  renewed  on  account  of  imperfect  welding.  Those  of 
form  No.  Ill  are,  so  far,  without  defect  or  faihire,  and  not  one  piece  has  been  re- 
newed. 

Curves. — The  longitudinals  of  forms  Nos.  I  and  II  are  rolled  straight,  and  the  holes 
for  the  rail-bolts  were  spaced  according  to  the  radius  of  the  various  curves;  those  of 
form  No.  Ill  are  bent,  while  hot,  to  the  required  curve.  Those  of  form  No.  I  were 
all  of  equal  length,  because,  in  consequence  of  the  considerable  distance  left  between 
the  ends  at  the  joints,  a  shortening  on  the  curves  can  easily  be  effected  by  laying 
them  closer  together.  Nos.  II  aud  III  are  made  of  shorter  length  for  the  inner  side 
of  curves,  a  certain  number  being  laid  according  to  the  shorter  rail  length  and  the 
radius  of  the  curve. 

Tie-rods. — These  were  originally  used  for  Nos.  I  and  II,  because  the  longitudinals 
were  only  connected  at  the  euds  by  transverse  ties,  the  distance  between  them  being 
31.81  feet  for  No.  I  and  15.83  feet  for  No.  II.  An  experience  of  several  years  has 
proved  that  tie-rods  are  not  necessary  for  preserving  the  accuracy  of  the  gauge,  the 
transverse  connections  under  the  longitudinals  being  sufficient  for  this  purpose  ;  these 
connections  placed  at  intervals  of  9.84  feet  answer  the  purpose. 

Wear. — The  only  wear  observed  has  been  with  some  longitudinals  of  form  No.  I,  in 
which  the  flange  of  the  inner  rail  on  curves  has  worn  slightly  into  the  top  table. 

DuraWiUj. — The  life  of  the  longitudinals  of  form  No.  I  is  estimated  at  about  fifty 
years  ;  those  of  No.  II,  made  of  old  flange-rails,  will  hardly  last  as  long,  as,  being  made 
simply  by  welding  the  old  rails  together,  a  gradual  opening  of  the  welded  joints  must 
be  expected,  especially  in  those  parts  which  correspond  to  the  former  web  of  the  rail ; 
the  pieces  which  have  required  to  be  renewed  have  shown  this  defect  distinctly. 
Those  of  form  No.  Ill,  being  of  steel,  will  certainly  last  even  longer  than  those  of 
form  No.  I. 

Fastenings. — The  rail  fastenings  for  form  No.  Ill  (See  plate  No.  14)  effectually  pre- 
vent creeping  of  the  rail  on  the  longitudinal  by  firm  hold  of  the  clamp  on  the  rail- 
flange  and  the  rib  of  the  longitudinal.  The  inclined  outer  face  of  the  clamp  admits 
of  an  adjustment  of  the  gauge  ;  this  is  eifocted  by  slacking  one  nut,  which  allows  the 
clamp  to  rise  and  also  move  back  ;  the  rail  is  then  shifted,  the  opposite  clamp  pushed 
down  to  a  corresponding  extent,  and  both  nuts  then  screwed  tight.  The  rail-flange 
butts  against  a  boss  on  the  lower  side  of  the  clamp,  which  thus  receives  all  the  force 
of  the  lateral  thrust  caused  by  passing  trains,  and  transfers  it  to  the  rib  of  the  longi- 
tudinal, thus  protecting  the  bolt  from  wear. 

Ballast. — The  ballast  is  of  river  gravel,  excavated  gravel,  and  broken  stone.  The 
core  of  ballast  inside  the  longitudinal  is  compressed,  by  tamping  and  by  the  pressure 
of  passing  trains, to  such  an  extent  that  it  can  only  be  loosened  by  means  of  a  pick; 
this  compression  extends  nearly  12  inches  below  the  lower  edge  of  the  longitudinal 
aud  prevents  the  quick  drainage  of  water  from  between  the  rails,  this  prevention  of 
the  drainage  varying  ^ith  the  degree  of  compression  of  the  ballast.  For  this  reason 
it  is  recommended  that  the  ballast  should  be  clean  and  of  a  character  which  will 
allow  of  the  water  passing  through;  where  this  can  not  be  had,  however,  sufficient 
means  for  drainage  must  be  provided.  No  heaving  by  frost  has  been  observed  on 
this  track. 

Bails. — The  rails  are  of  one  flange  section,  weigh  .58.75  pounds  per  yard.  The  joints 
are  spliced  by  an  inner  straight  plate,  and  an  outer  double-angle  or  channel  plate ; 
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tour  "bolts  aia  used.  The  outer  plate  was  of  symmetrical  shape  for  Nas,  I  and  IT, 
and  served  to  hold  the  head  of  the  rail  in  horizontal  position  as  well  as  to  support  it 
vertically.  At  each  end  the  splice-plate  bore  a<^aiust  a  rail-clamp  bolted  to  the  longi- 
tudinal, and  thus  prevented  creeping;  in  this  way  the  tendency  to  creep  caused  by 
the  passage  of  trains  was  transmitted  to  the  longitudinal,  which  was  itself  prevented 
from  moving  by  its  rigid  cross  connections.  For  form  No.  Ill  the  outer  splice-plate 
is  of  unsymmetrical  section,  the  upper  flunge  being  narrow  ;  the  edge  of  the  lower 
flange  bears  against  the  rib  of  the  longitudinal,  thus  increasing  the  resistance  to  the 
outward  thrust  of  the  rail.  A  bolt  passing  through  this  flange  and  the  top  of  the 
longitudinal  effectually  prevents  any  creeping  beyond  that  allowed  by  slight  inaccu- 
racies in  drilling  the  bolt-boles.  An  inner  angle-plate,  bearing  against  the  other  rib 
of  the  longitudinal,  completes  the  joint  and  makes  a  solid  continuous  track.  With 
Nos.  I  and  II  the  rail-joints  are  supported,  but  with  No.  Ill  they  are  suspended. 

The  steadily  increasing  speed  and  weight  of  passenger  trains  made  it  necessary  to 
employ  heavier  and  more  rigid  locomotives,  and  this  traffic  nearly  reached  the  limit 
of  the  power  of  resistance  of  the  ordinary  track  with  cross-ties.  To  strengthen  this 
track  by  the  use  of  oak  ties,  or  even  iron  ties,  in  place  of  the  usual  pine  ties,  would 
have  increased  the  expenses  considerably  without  increasing  in  equal  proportion  the 
power  of  resistance  ot  the  track  against  lateral  pressure  on  the  many  and  sharp  curves 
of  the  road.  These  reasons  led  to  the  adoption  of  track  on  metal  longitudinals,  after 
a  preliminary  trial  had  been  made  in  1876;  but  the  great  cost  of  such  track  made  it 
necessary  to  study  the  matter  more  thoroughly.  At  the  first,  attention  was  directed 
to  making  use  of  old  rails,  which,  in  consequence  of  the  increasing  introduction  of 
steel,  would  be  obtained  at  very  moderate  prices.  The  success  of  the  experiment  per- 
mitted the  adoption  of  iron  track  for  other  portions  of  the  line  in  1877,  1878,  1880, 
and  1881,  but  only  to  such  an  extent  as  old  rails  were  taken  up  and  welded  together 
to  form  the  longitudinals.  These  old  iron  rails  becoming  scarce,  and  the  introduc- 
tion of  the  Thomas-Gilchrist  process  for  the  manufacture  of  mild  steel,  which  made  the 
cost  of  this  material  very  moderate,  led  naturally  to  the  adoption  of  form  No.  Ill 
(See  plate  No.  14),  made  of  mild  steel.  Another  reason  for  adopting  the  longitudinal 
stringer  system  of  track  was  the  proportionately  weak  section  of  the  flange-rails  used, 
weighing  only  64,38  pounds  per  yard.  In  view  of  the  increasing  weights  of  the  loco- 
motives, this  gave  the  company  and  its  engineer  the  alternative  of  increasing  the 
weight  of  the  rails  to  100.43  pounds  per  yard,  or  of  adopting  a  still  lighter  rail  and 
obtaining  the  necessary  strength  by  means  of  a  strong  longitudinal  or  stringer. 
"Whether  this  method  of  obtaining  a  strong  track  is  a  correct  one,  the  future  will 
demonstrate. 

The  behavior  of  the  track  laid  with  form  No.  Ill  has  been  very  satisfactory.  On 
the  part  laid  with  Nos.  II  and  I,  it  was  found  necessary  to  remove  the  broad  iron 
cross-ties  which  were  laid  under  the  joints  of  the  longitudinals,  according  to  the  Hilf 
system  (See  Germany),  and  to  replace  them  by  plain  angle-irons.  Their  purpose  is 
merely  to  maintain  the  width  of  the  gauge,  and  not  to  support  the  ends  of  the  lon- 
gitudinals like  abutments.  The  track  stands  admirably  and  requires  little  or  no 
labor  for  maintenance  and  surfacing,  either  on  the  straight  portions,  which  are  in 
lengths  of  3.72  to  4.34  miles,  nor  on  sharp  curves.  On  the  straight  portions  no  such 
swinging  and  rolling  motion  of  the  cars  can  be  observed  as  is  the  case  on  track  laid 
with  cross-ties.  There  is  no  trouble  with  the  attachments,  the  nuts  being  held  in 
position  by  nut-locks,  and  tightening  up  of  the  nuts  is  rarely  necessary.  The  track- 
men formerly  required  to  redrive  the  spikes  for  track  with  wooden  cross-ties  can 
now  be  employed  on  other  track  work.  In  consequence  of  the  continuous  support  of 
the  rails,  no  rails  or  splice-plates  on  this  metal  track  have  been  broken  since  the 
same  has  been  in  service.  The  economical  value  of  the  use  of  metal  track  has  been 
worked  out  by  calculation. 

Wooden  ties.— On  the  guaranteed  system  of  this  railway  impregnated  oak  ties  are 
used  on  all  portions  over  which  express  trains  are  run  ;  impregnated  pine  ties  as' 
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nsoil  at  stations,  on  aide  tracks,  and  on  l)raiu'h  linos.  The  reason  for  this  is  that  the 
terminus  of  the  road  is  on  the  Donan  River,  so  that  the  oak  hronglit  by  water  from 
Uun<;ary  can  be  bonght  at  a  comparatively  low  price.  On  the  supplementary  sys- 
tem of  the  railway,  which  requires  in  addition  the  cost  of  freight  of  oak  ties  to 
Vienna,  a  distance  of  200  miles,  oak  ties  had  to  be  abandoned  on  account  of  the  in- 
creased cost,  and  pine  ties  are  therefore  used.  These  conditions,  as  already  stated, 
were  the  cause  of  the  introduction  of  metal  track,  and  at  present,  of  the  total  length 
of  83.70  miles  over  which  express  trains  are  run,  64.3  percent,  is  laid  with  this  track. 
The  remaining  parts  will  be  renewed  with  metal  in  accordance  with  the  amount  ap- 
propriated for  tins  purpose.  These  parts  are  now  laid  with  impregnated  pine  or 
spruce  ties,  but  it  must  be  remarked  that  metal  tie-plates  .4  inch  thick  are  laid  on 
each  new  tie  that  is  put  in  ;  on  curves  of  1,640  feet  radius,  and  less,  these  plates  liave 
a  rib  tittiug  into  a  groove  across  the  tie,  and  the  rail  is  fastened  by  bolted  clamps. 
Oak  ties  cost  at  present  (1888)  about  84.96  cents  each,  not  impregnated;  this  is  in 
consp(iueuce  of  the  high  German  duty  on  timber  which  prohibits  its  export,  but  only 
a  few  years  ago  the  price  was  $1.08  per  tie.  Pine  ties,  not  impregnated,  cost  from  38 
to  43  cents  each.  Oak  ties  were  impregnated  with  oil  of  creosote,  on  the  Bethel  pro- 
cess, at  a  cost  of  22  cents  per  tie  ;  chloride  of  zinc,  of  1 .5  degrees  Beaume  density,  by 
the  Burnett  process,  is  now  used  and  costs  17  cents  per  tie.  Pine  ties  are  impregnated 
with  tar  oil  or  creosote  on  the  Blythe  system,  and  partly  with  a  solution  of  chloride 
of  zinc  of  l.,5  degrees  density,  Beaume,  by  the  Burnett  process,  at  a  cost  of  17.28 
cents  per  tie.  The  life  of  an  impregnated  oak  tie  is  estimated  at  twenty  years,  and 
the  life  of  an  impregnated  pine  tie  at  twelve  years. 

The  following  descriptions  of  the  three  classes  of  track  are  from  draw- 
ings furnished  by  Mr.  Hohenegger  : 

No.  I. — The  longitudinal  was  of  the  ''Ehenish"  type  (See  plate  No.  12).  It  was  8 
inches  wide  on  top,  11  inches  over  the  bottom,  2.8;-^  inches  deep  ;  thickness  of  sides 
.3  inch,  and  of  top  table  .32  inchi.  The  rails  were  held  by  clamps  bearing  on  the  rail 
flange  and  the  top  of  the  longitudinal,  and  fasl;ened  by  hook  or  L  headed  bolts.  For 
tangents  and  curves  down  to  1,230  feet  radius,  the  rails  and  longitudinals  were  31.98 
to  31.81  feet  long,  the  joints  of  the  former  being  about  40  inches  from  those  of  the 
latter.  The  ends  of  the  longitudinals  rested  on  saddle  plates  riveted  to  the  ends  of  a 
cross-tie  7.87  feet  long,  8  inches  wide  on  top,  and  12,8  inches  wide  on  the  bottom. 
There  were  two  tie-rods  to  each  rail  length.  For  curves  of  1,226.72  to  492  feet  radius, 
the  rails  and  longitudinals  were  21.32  to  21.15  feet  long,  with  a  cross- tie  at  the  joints  of 
the  longitudinals  and  two  tie-rods  to  each  rail  length.  The  cross-ties  were  inclined 
at  the  ends  to  give  the  rails  the  usual  inclination,  and  the  longitudinals  were  fastened 
to  them  by  r"  clamps  holding  the  rib.  The  tie-rods  were  .88  inch  diameter,  with  a 
bearing  plate  and  nut  on  the  outer  side  of  the  rail.  The  rail  fastenings  were  placed 
at  intervals  of  about  32  inches  with  the  longer  rails,  and  about  31.6  inches  with  the 
shorter  rails  ;  at  the  joints  they  were  closer  together. 

No.  II. — The  longitudinal  was  of  a  section  somewhat  similar  to  the  Hilf  or  the  orig- 
inal '•  Berg-and-Mark"  types  (See  plate  No.  12),  but  with  a  semi-cylindrical  rib  along 
the  middle  of  the  under  side  of  the  top  table.  For  rails  31.98  feet  long,  the  longi- 
tudinals were  15.90  feet  long,  breaking  joint  with  the  rails  by  about  11  inches.  The 
ends  of  the  longitudinals  rested  on  saddle  pieces  fastened  to  cross-ties  7.87  feet  long, 
8  inches  wide  on  top,  10.8  inches  wide  on  the  bottom  ;  the  cross-tie  was  horizontal, 
but  the  outer  side  of  each  longitudinal  rested  on  a  packing  piece  to  give  it  the  re- 
quired inclination.  The  ballast  was  brought  up  level  with  the  top  of  the  longi- 
tudinals. 

No.  III.  (See  plate  No.  14.) — The  longitudinal  is  of  a  section  similar  to  that  of  the 

"Berg-and-Mark"  cross-tie,  but  has  a  rib  along  each  side  of  the  top  table.     It  is  6.72 

inches  wide  on  top,  12  inches  wide  on  the  bottom,  3  inches  deep,  with  the  sides  ver- 

jbical  for  1.84  inches  from  the  bottom  ;  the  sides  are  ,32  inch  thick  aud  the  top  table  is 
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.36  inch  thick.  The  fasteniugs,  as  already  described,  consist  of  bolted  clamps  beaiiug 
on  the  flange  of  the  rail  aud  the  inclined  face  of  the  rib  of  the  longitudiual,  while  at 
rail  joints  the  bolts  pass  through  the  lower  flange  of  the  outer  splice  bar,  which  is  of 
channel  section.  The  longitudinals  are  29.43  feet  long,  and  the  rails  29.52  feet  long. 
The  joints  of  the  rails  and  longitudinals  coincide.  The  ends  of  the  latter  rest  upon  a 
saddle  made  of  a  plate  .40  inch  thick,  bent  to  shape  to  fit  the  interior  of  the  longi- 
tudinal, and  bolted  to  the  end  of  an  angle-iron  cross-tie,  6.56  feet  long,  3.2  inches 
wide,  4  inches  deep,  and  .4  inch  thick.  The  saddle  is  16  inches  long  and  17  inches 
"wide  ;  the  top  is  inclined  1  in  16  to  give  an  inward  inclination  to  the  rail.  The  boltjj 
pass  through  the  saddle,  longitudinal  and  clamp.  There  are  two  intermediate  cross 
ties,  si)aced  9.77  feet  from  each  joint  tie,  center  to  center;  they  are  of  angle-irons  of 
the  same  size  as  those  at  the  joints,  but  the  saddle  for  the  longitudinal  is  only  4.8 
inches  long.  There  are  three  bolts  on  each  side  of  every  rail  joint ;  the  next  fasten- 
ing is  22.2  inches  away,  center  to  center  and  the  others  are  30.4  inches  apart  center 
to  center.  All  the  nuts  are  fitted  with  nut  locks  ;  the  nut  lock  consists  of  a  square 
flat  plate,  with  a  slit  in  one  side ;  the  plate  is  prevented  from  turning  and  when  tbo 
nut  is  screwed  down  upon  it  the  slit  piece  is  bent  up  against  the  side  of  the  nut, 
thus  preventing  the  nut  from  turning.  The  weight  of  this  track  is  2,791.58  pounds 
per  rail  length,  or  283.72  pounds  per  yard. 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works,  France,  in 
1885,  speaks  very  favorably  of  this  latter  form  of  track.  The  cost  is 
about  $5.31  per  yard  for  No.  Ill,  $5.22  per  yard  for  No.  II,  $6.60  pt*r 
yard  for  No.  I,  aud  $5.12  per  yard  for  track  on  impregnated  oak  ties. 

Hungarian  8tate  Eailways. — The  following  particulars  were  pre- 
sented by  Mr.  Kowalski  at  the  International  Eailway  Congress  at 
Milan,  Italy,  in  1887 : 

In  1887  there  were  3,000  metal  ties  in  service,  which  had  been  laid  in  18S2  and  suc- 
ceeding years  They  were  of  the  "  Berg-aud-Mark  "  type,  with  gib  and  cotter  fasten- 
ings. Up  to  1886  they  w^ere  made  of  wrought-irou,  but  after  that  of  Bessemer  steel. 
The  ties  weighed  108.90  pounds  each,  aud  the  fastenings  5.19  pounds  per  set  :  making 
a  total  weight  of  114.09  pounds  per  tie.  Up  to  1886  they  were  employed  ouly  on  the 
Mountain  division  betw^een  Piski  and  Petroseny,  and  they  were  all  laid  on  curves  of 
a  radius  of  less  than  984  feet.  The  speed  of  the  trains  was  from  13.64  to  21.70  miles 
per  hour.  The  track  was  laid  with  iron  rails  weighing  71.5  pounds  per  yard,  and 
steel  rails  weighing  67  pounds  per  yard.  The  ballast  was  of  broken  stone.  The 
metal  ties  cost  $2.82  each,  and  the  wooden  ties  67^  cents  each.  The  advantages  of 
the  former  were  in  the  simplicity  of  the  attachments  and  the  stability  of  the  track. 
In  1887  the  company  began  the  work  of  gradually  replacing  wooden  ties  with  metal 
ties  on  curves  of  984  feet  aud  under.  The  price  of  oak  ties  was  still  too  low  to  per- 
mit of  the  introduction  of  metal  ties  on  a  large  scale  for  tangents  and  flat  curves,  bnt 
nevertheless,  it  was  proposed  to  substitute  metal  for  wooden  ties  at  switches  aud  tbo  i 
approaches  to  important  stations,  as  the  former  were  considered  advantageous  for 
such  a  locality'. 

Heitzing  and  Pertchtoldsdorf  Steam  Tramway.— This  is  a 
standard-gauge  country  tramway^  built  partly  along  the  public  highway 
and  partly  across  country.  It  is  0.43  miles  long;  3.9  miles,  or  (  Oper 
cent,  of  its  length,  are  on  roads  and  streets,  and  the  remaining  40  per 
cent,  is  practically  a  light  railway.  Along  the  roads  the  track  is  laid  on 
one  side,  next  to  the  gutter.  The  track  is  on  the  Hartwich  system,  with 
flange  rails  carried  on  longitudinal  steel  stringers,  connected  at  inter- 
vals by  lie  bars.  The  longitudinals  are  of  a  section  similar  to  that  ofil  ^^^ 
the  original  "  Berg-and-Mark  "  cross-ties ;  they  are  4.6  inches  wideou 
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top, 8.4  inches  wide  at  the  bottom,  '2 A  inches  deei),  with  the  sides  vert- 
ical tor  about  .S  inch  from  tiie  bottom.'  The  wei.ulit  is  about  28.72 
pounds  per  yard.  At  tlie  joints  tlie  ends  of  the  U)ngitu(linals  rest  on  a 
saddle  piece  of  such  section  as  to  tit  the  interior  of  the  tie.  The  rails 
are  of  tlan<;e  section,  4  indies  hi^h,  tlan^e  2.72  inches  wide,  head  1.52 
inciies  wide,  with  the  toi)  t.ible  at:  an  angle,  higher  on  the  outer  than 
ou  the  inner  side;  the  weight  is  about  31  pounds  per  yard.  The  fast- 
enings consist  of  a  riveted  lug  for  the  outer  flange,  and  a  hook  headed 
bolt,  with  c1am[)  washers,  for  the  inner  flange;  the  heads  of  the  bolts 
are  inside  the  longitudinal.  The  rail  joints  are  spliced  by  straight 
splice  plates.  The  tie  bar  is  5.74  feet  long,  2.4  inches  deep,  .32 
inch  thick ;  it  is  notched  for  the  bottom  of  the  sides  of  the  longitudinal, 
and  at  each  end  is  keyed  a  f\  piece  against  which  the  outer  side  of  the 
longitudinal  bears.  In  the  streets  there  is  a  guard  rail  attached  to  the 
longitudinal,  leaving  a  groove  1.20  inches  wide  for  the  wheel  flanges. 
In  streets  the  longitudinals  are  laid  on  stone  blocks  and  ballast  is 
tilled  in  nearly  up  to  the  underside  of  the  railheads.  In  country  roads 
a  trench  is  dug  for  each  line  of  rail,  broken  stone  laid  for  the  longitu- 
dinals to  rest  on,  and  ballast  then  filled  in  to  the  underside  of  the  rail 
heads,  the  heads  just  projecting  above  the  street  level.  The  engines 
are  ordinary  steam  motors,  boxed  in.  The  older  ones  had  four  wheels, 
all  coui)led,  and  weighed  29,700  pounds.  The  later  engines  have  six 
wheels  and  weigh  39,600  pounds. 

TIES. 
The  Heindl  ties. — The  system  of  track  with  steM  cross-ties,  invented  by  Mr.  Heindl 
(See  plate  No.  14),  has  already*  been  described  as  used  on  the  Austrian  state  railways. 
In  1888  Mr.  Heindl  sent  a  communication  in  relation  to  this  track,  which  had  been 
laid  as  follows,  up  to  the  end  of  1887: 


Tear.   No. 


Railway, 


Location. 


Maxi- 
miira 
grade. 


1883. 


1883. 
1883. 


1883. 
1884. 


1  '  Anstrian  state 


I 

I  Per  et. 
Breite  n  a  c  h  u  t  z  u  n  g-  '        .37 
Schwauenstadt.  I 

do I  Kosten-Dux 1.03 

do ,  Grryhow-Ptaszkowa 1.80 

Bavarian  state '  Laiidahut-Neueninarkt .       1.  25 

Emperor  Ferdinand's  North-  '  Raigorn-D  urn  knit 04 

ern.                                          i 
Auasig-Teplitz Ullorsdorf-Dux 80 


1884.. 
1885..    10 
1885..    11 


7  Galician,  Carl- Lud wig Ulai-Boclinia 

8  Austriau  state Ailbcrg  Tunnel,  track 

,       No.  1. 

9  ^  Alps  Mountain  Company Leoben-Leegraben 


Mini- 
mum 
curve. 


1887.. 
1887.. 


Austrian  slate |  Arlberg  Tunnel,  track 

I      No.  2. 
Bavarian  state I  Stockheim-Ludwigstadt 


Auatriai)  state j  Liveric-Knin 

liavarian  state '  (Renewals) 

do i  (Laying  second  track) 


Total I 

Side-tracks  at  stations  on  the  Austrian  state  railways 
Grand  total  at  end  of  1887 


1.50 
4.12 
1.50 
2.50 
2.00 


Feet. 
1, 869.  60 

931.52 

984. 00 

1, 148.  00 

4,  352.  56 

1,  554.  72 

.3,  109.  44 
I      931.00 

j      492. 00 

I      984. 00 

!      984. 00 

934.  80 


Length, 


Miles. 
.62 

.62 

.06 

.17 

1.24 

.62 


Total. 


6.63 

19.10 

13.02 
35.34 
31.00 


Miles. 


3.33 


7.62 


25.73 


79.36 
116.  04 

24.80 
140.  84 
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The  following  is  the  principal  part  of  Mr.  Heindl's  communication: 

The  heaviest  traffic  has  been  on  line  No.  5,  over  which  20,000,000  gross  tons  had 
been  hauled  and  express  trains  had  run  at  a  speed  of  50  miles  per  hour.  The  traffic 
on  line  No.  6  has  been  about  the  same.  The  locomotives  have  a  weight  of  6  to  7  tous 
per  wheel,  except  on  lines  No.  9  and  No.  12;  the  former  is  a  mountain  line,  and  the 
latter  is  a  part  of  the  secondary  railways.  Tbe  cost  of  maintenance  is  greater  than 
that  of  wooden  ties  only  during  the  first  year,  and  afterward  it  becomes  considerably 
less.  In  1886  the  cost  of  maintenance  of  the  metal  track  on  line  No.  5  was  $164. C3 
per  mile,  while  that  of  adjacent  track  on  wooden  ties  was  $260.25  per  mile.  The 
durability  of  the  iron  track  depends  principally  upon  the  construction,  because  with 
a  defective  method  of  attaching  the  rails,  a  mechanical  destruction  and  wear  of  the 
track  at  the  fastenings  is  inevitable.  Experience  has  shown  that  a  light  track  with 
such  defective  fastenings  will  scarcely  last  more  than  a  few  years  under  heavy  traffic. 
With  a  carefull.v  constructed  track,  however,  the  durability  of  the  ties  and  attach- 
ments will  be  greater  than  that  of  the  rails,  which  are  directly  exposed  to  the  shocks 
and  wear  from  the  wheels.  The  principal  conditions  for  a  superstructure  with  metal 
ties  are  as  follows  :  First,  sufficient  weight  of  ties  and  rails  to  insure  stability  ;  and, 
second,  the  use  of  an  efficient  fastening  for  the  rails.  The  ballasting  for  a  track  on 
iron  ties  does  not  require  more  attention  than  that  for  track  with  wooden  ties.  The 
same  kind  of  ballast  can  be  used,  but  care  must  be  taken  to  keep  it  free  from  eartby 
or  clayey  matter.  The  material  fills  the  interior  of  the  tie  and  in  time  forms  a  com- 
pact body  which  adds  considerably  to  the  stability  of  the  track.  With  a  metal  track 
there  is  a  greater  security  in  the  track  and  greater  safety  in  operation.  The  dura- 
bility and  the  avoidance  of  repairs  or  other  work  except  tamping  must  certainly  lead 
to  economical  results  even  if  the  first  cost  be  greater.  A  well-constructed  track  on 
metal  ties  is  so  superior  to  one  on  wooden  ties,  as  regards  safety  for  the  tratfic,  that 
an  increased  first  cost  might  well  be  incurred,  especially  for  main  lines  with  heavy 
traffic. 

Whatever  may  be  the  advantages  of  this  system,  it  is  certainly  lack- 
ing in  simplicity,  which  is  a  very  serious  defect,  as  it  must  inevitably 
lead  to  difficulty  in  laying  and  maintaining  track,  unless  well  trained, 
skilled,  and  expensive  labor  is  employed.  As  already  noted,  this  im- 
portant feature  of  simplicity  is  one  which  as  a  rule  is  apparently  given 
little  attention  in  Europe. 

SUMMARY  OF  METAL  TRACK  FOR  AUSTRIA  AXD  HUNGARY. 


Railways. 


Longi- 
tudinals. 


Austrian  state C- 

Northern 

Aussig  and  Teplitz 

Galician  (Carl-Ludwiir) -- 

Northwestern 59.  51 

Huncarian  state 

Heitzing  and  Pertchtoldsdorf C.  43 

Total 66.56 


Cross- 


Miles. 
52.39 
1.24 


1.50 


Total. 


Miles. 

53.01 

L24 

.62 

.69 

59.51 

L50 


122.93 
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SWITZEIIT^AND. 

GisNERAL  Remarks. — IVIetal  track  is  in  quite  extensive  use  in  this 

oouurry  and  lias  been  given  a  thorougii  trial  with  eminently  satisfac- 
tory n'sults,  some  of  the  railways  having'  now  delinitely  adopted  metal 
tie^j.  At  present  they  are  used  mainly  on  lines  having  the  heaviest 
traffic,  as  on  these  lines  the  ties- give  greater  security  than  wooden  ties, 
iftheyareof  sutticient  weight,  have  well  ])roportioned  dimensions,  and  if 
the  right  means  of  attachment  are  employed.  Another  reason  for  using 
metal  ties  is  that  it  is  getting  more  dif&cult  year  by  year  to  obtain  oak 
ties  in  sufficient  quantity. 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France)  in 
1885,  gives  the  following  statement  of  the  mileage  of  I  he  track  of  Swiss 
railwavs  for  1883  and  1884: 


Tear. 

Main 
lines. 

Total 
track. 

Wooden 
ties. 

Metal 

ties. 

1883      

Miles. 
1, 165.  60 
1, 165. 60 

Miles. 
1,  695.  08 
1,696.94 

Miles. 
1,633.08 
1,582.86 

Miles. 
62.00 

1884 

114.  08 

The  chief  engineer  of  the  Jura,  Berne  and  Lucerne  Railway  sent  me 
in  August,  1889,  the  following  statement  of  the  mileage  of  the  railway 
track  in  Switzerland  to  date: 


Inclusive 

of  the 

Brunig  line. 

Exclusive 

ofthe 
Brunig  line 

Total  length 

Miles. 
1,697.65 
1,  777.  54 

Miles. 
1, 668. 8;: 

Len^'th  in  operjition        .   ..            ....  .....         ..  .........   . 

1  749  6t 

Leno:tb  of  track  with  : 

Wooden  ties 

1,  973.  46 
397.  40 

i,  967.  24 
372.  :u 

Metal  ties 

2,  370.  86 

2  339.  55 

GoTTHARD  Railway. — During  the  first  construction  of  this  cele- 
brated railway,  from  1879  to  1882,  timber  ties  were  used.  In  the  sum- 
mer of  1883  experiments  were  made  with  different  types  of  metal  track. 
These  experiments  led  to  the  adoption  of  metal  ties,  and  in  188 1  it  was 
decided  to  use  such  ties  only  in  future ;  after  ftirther  experiments  a 
form  of  tie  was  definitely  r.dopted  in  1887.  (See  plate  No.  15).  In  the 
original  construction,  the  track  was  laid  with  steel  flange  rails,  weigh- 
ing 73.65  pounds  per  yard,  on  wooden  ties.  The  rails  were  5.2  inches 
high,  with  a  flange  4.4  inches  wide  and  a  head  2.4  inches  wide ;  the  top 
table  was  flat,  with  top  corner  curves  of  .56  inch  radius.  The  ties  were 
8.2  feet  long,  9.6  inches  wide  on  the  bottom,  6.4  inches  wide  on  top,  6 
inches  thick,  the  upper  edges  being  beveled  to  a  depth  of  1.6  inches. 
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The  rail  joints  were  suspended,  and  metal  tie  plates  were  placed  under 
the  rails  at  the  joint  ties  as  well  as  on  some  of  the  intermediate  ties  on 
curves.  These  plates  were  (J  inches  long,  7.6  inches  wide,  and  .44-inch 
thick,  with  a  rib  on  the  outer  side.  There  were  three  spikes  to  each 
plate;  they  were  of  octagonal  section,  with  hooked  heads,  and  were 
driven  into  holes  bored  through  the  ties.  The  inclination  of  iin  16  was 
given  to  the  rails  by  adzing  out  a  seat  on  the  tie.  The  joints  were 
spliced   by  angle-bars  and  four  bolts. 

Several  systems  of  metal  track  have  been  tried,  among  them  the  fol- 
lowing: 

(1)  "  Vautherin"  tie,  of  moditied  section,  with  heavy  ribs  instead  of 
flanges  on  the  bottom  edges ;  4.4  inches  wide  on  top,  7.84  inches  wide 
at  the  bottom  inside  and  9.2  inches  wiae  over  the  ribs,  3  inches  deep, 
top  table  .40  inch  thick;  weight  about  123.2  pounds.  There  were  ten 
ties  to  a  rail  length.  These  were  laid  for  a  length  of  577.28  feet  in  the 
tunnel  and  about  1,968  ieet  on  the  line  between  Bellinzona  and  Giubi- 
asco. 

(2)  Hilf  tie;  similar  to  the  "  Berg  and-Mark"  type,  the  lower  part  of 
the  sides  being  vertical;  4.8  inches  wdde  on  top,  8.8  inches  wide  on  the 
bottom,  2.4  inches  deep ;  top  table  .4  inch  thick ;  weight  about  110 
pounds.     These  were  laid  for  a  length  of  2,29()  feet. 

(3)  Hilf  tie;  of  similar  section  to  the  above,  but  made  of  mild  steel; 
5.2  inches  wide  on  top,  9.2  inches  wide  on  the  bottom,  2.4  inchc^s  deep, 
with  sides  vertical  for  1  inch  from  the  bottom  ;  top  table  .4  inch  thick 
and  sides  .36  inch;  weight  about  110  pounds.  These  were  laid  for  a 
length  of  984  feet. 

(4)  Lazar  tie;  this  was  of  T  section,  Avith  the  sides  bent  down  slightly; 
10  inches  wide  on  top,  8.8  inches  being  horizontal ;  middle  rib  3.2  inches 
deep,  edges  turned  down  .8 inch;  weight  134.2  pounds.  These  were 
laid  for  a  length  of  984  feet. 

(5)  Hohenegger  system  of  longitudinals  (See  '^Austria").  This  track 
was  laid  for  a  length  of  1,640  feet  in  the  tunnel  and  on  the  line  between 
Bellinzona  and  Giubiasco. 

After  these  experiments  a  cross- tie  of  rounded  trough  section  was 
adopted,  with  the  top  table  thickened  by  adding  metal  on  the  upper 
side;  4.8  inches  wide  on  top,  8.16  inches  wide  inside  at  the  bottom, 
9.336  inches  wide  over  the  ribs,  3.2  inches  deep  ;  corners,  1.6  inches  ra- 
dius ;  sides  .28  inch  thick,  and  top  .36  inch  thick  ;  weight,  ]  19.9  pounds. 
In  December,  1889,  Mr.  Bechtle,  the  chief  engineer,  reported  that  there 
were  37.25  miles  laid  with  metal  track. 

The  preliminary  trials,  made  about  1885,  showed  that  with  bad  ballast 
the  maintenance  of  track  with  metal  ties  cost  more  than  that  of  track 
on  new  wooden  ties,  but  that  with  good  ballast  the  cost  was  less.  The 
ballast  now  used  is  broken  stone. 

The  type  of  tie  definitely  adopted  in  1887  (See  plate  No.  15)  is  slightly 
modified  from  that  last  described,  but  is  of  varying  width  and  depth, 
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flomewbat  resembling  the  "Post"  tie.  At  the  rail  seat  it  is  4.6  inches 
wide  on  top,  8.190  inclies  wide  at  the  bottom  inside,  aud  9.38  inches 
wide  over  the  ribs;  3.4  inches  deep;  thickness  of  top  table  .40  inch, 
aud  of  sides  .28  inch  ;  corner  radius,  1.0  inches.  Inside  the  rail  seat  it 
is  of  similar  width,  bat  only  3.24  inches  deep,  aud  the  top  .32  inch  thick. 
At  the  middle  it  is  of  0  shape,  2.50  inches  wide  inside  near  the  top,  3.46 
inches  wide  inside  at  the  bottom,  5.44  inches  deep.  The  top  table  of 
\lie  tie  is  horizontal  at  the  middle,  with  a  llat  curve  to  the  rail  seat, 
which  is  inclined  I  in  20,  and  another  flat  curve  from  the  outer  side  of 
the  rail  seat.  At  the  ends  the  top  table  is  bent  down  to  a  radius  of 
.36  inch,  and  the  depth  is  4.8  inches.  The  total  length  of  the  plate  from 
the  bottom  of  one  end  to  that  of  the  other  is  8.53  feet.  The  weight  of 
the  tie  is  127.0  pounds.  The  bolt  holes  are  1.92  inches  by  .84  inch,  with 
rounded  corners,  and  3.72  inches  apart  in  the  clear.  The  rail  fasten- 
ings are  on  the  Ruppel  plan  (See  "  Germany — Prussian  state  railways  "); 
the  inner  side  of  the  clamp  bears  on  the  flange  of  the  rail,  the  outer 
side  rests  on  the  tie  and  has  a  lug  fitting  into  the  bolt-hole  in  the  tie ; 
tee-headed  bolts  are  used,  with  the  nuts  screwing  down  on  the  rail 
clamps.  For  a  rail  length  of  20.24  feet  there  are  ten  ties ;  the  joint  ties 
are  spaced  about  11.30  inches  apart  center  to  center,  the  ties  next  to 
the  joints  30.5  inches,  and  the  intermediate  ties  34  inches  apart.  For  a 
rail  length  of  39.30  feet  there  are  fifteen  ties;  the  joint  ties  are  spaced 
about  11.30  inches  apart,  the  ties  next  to  the  joints  29.15  inches,  and  the 
intermediate  ties  about  33.25  inches.  The  cost  of  maintenance,  exclu- 
sive of  renewals,  is  said  to  slightly  exceed  that  of  track  on  wooden  ties. 

Switches  and  crossings  are  laid  on  the  steel  ties.     At  the  heel  of 

le  switch  a  tie  of  extra  size  is  used,  being  8  inches  wide  on  top  and 
.1.2  inches  wide  on  the  bottom,  while  the  others  are  4.8  inches  wide 
m  top  and  9.330  inches  on  the  bottom.  With  a  stock  rail  22.90  feet 
long,  and  a  switch  rail  10.40  feet  long,  there  are  eight  ties,  including 
me  at  the  point  and  one  at  the  heel,  spaced  28.52  inches  apart  center 
center.  On  these  ties  are  bolted  two  plates  17.38  feet  long  and  18.4 
[nches  wide,  one  on  each  side  of  the  track,  and  on  these  are  placed  the 

bils.  Hand-lever  switch  apparatus  is  bolted  to  a  plate  resting  on  the 
iiids  of  two  ties  of  extra  length . 

Mr.  Bricka  states  in  his  report  that  in  1885  metal  ties  were  laid  for  a 
[length  of  15.5  miles,  and  he  gives  the  following  statement  of  the  mile- 
age of  the  track  in  1884: 

Miles. 

Main  lines 148.S0 

Total  track 204.00 

Wooden  ties 202.12 

Metal  ties 6.82 

Northeastern  Railway. — Metal  ties  were  first  used  in  1880;  the 
'' Vautherin  "  and  "  Berg-and-Mark"  types  were  tried,  and  the  latter 
was  adopted.  They  are  7.87  feet  long,  5.2  inches  wide  on  top,  9.2 
inches  wide  at  the  bottom,  and  3  inches  deep,  with    the  lower  part  of 


168 

the  sides  vertical  for  l.G  incbes  from  the  bottom ;  the  top  table  was  .32 
iuch  thick,  with  a  rib  on  the  iiuder  side  l.G  inches  wide,  making  the 
thickness  .44  inch.  The  weight  was  117.7  pounds.  The  ends  were 
closed.  At  the  middle  the  tie  was  horizontal,  but  at  22  inches  from  the 
middle  they  were  bent  up  L  in  16  for  a  length  of  14  inches  to  form  the 
rail-seat;  thence  the  ends  were  horizontal,  but  higher  than  the  middle 
portion.  The  rail  fastenings  are  of  the  Roth  and-Schuler  type,  as  used 
on  the  Baden  state  railways  (Germany);  a  gauge  washer  on  the  bolt 
takes  the  thrust  of  the  rail,  and  the  clamp  bears  on  the  tie  and  the  rail 
flange.  In  1884  there  were  42,358  ordinary  ties  and  2,512  special  ties 
at  switches;  in  1885,  42,000  ties  were  laid.  A  modified  form  was 
adopteil  in  1885 ;  it  is  of  the  same  type,  length  and  weight,  but  the  top 
table  is  .36  inch  thick  instead  of  .32  inch;  the  sides  are  rather  thinner, 
and  there  is  a  rib  on  each  bottom  edge.  The  rail  joints  are  spliced  by 
angle-bars  21.20  inches  long,  with  four  bolts.  At  the  joints  the  ties  are 
spaced  24  inches  apart  center  to  center,  32  inches  apart  next  to  the  joints, 
34  inches  spacing  for  intermediate  ties.  These  ties  have  given  good 
results  in  regard  to  maintenance. 

The  ties  used  at  frogs  and  switches  are  of  the  Hilf  section,  similar  to 
the  '' Berg-and-Mark"  type,  but  with  a  longitudinal  middle  rib,  making 
them  of  m  section.  They  are  7.2  inches  wide  on  top,  12  inches  wide  on  the 
bottom  and  2.4  inches  deep,  the  sides  being  vertical  for  1.2  inches  from 
the  bottom.  The  thickness  averages  .32  inch,  and  the  weight  is  58.5 
pounds  per  yard.  Between  the  switch  and  frog,  ordinary  Berg-and- 
Mark  section  ties  are  used,  with  bolt  holes  in  the  top  table,  and 
weighing  about  45  pounds  per  yard.  At  switches  the  ties  are  spaced 
about  30.28  inches  center  to  center.  Under  each  line  of  rail  is  a  plate 
about  18.76  feet  long  and  12.8  inches  wide,  to  which  the  rails  are  bolted 
and  which  is  itself  bolted  to  the  ties;  upon  this  the  switch  rails  move. 
The  two  ties  at  the  point  of  the  switch  are  about  13.12  feet  long,  extend- 
ing outside  the  track  on  one  side  to  hold  the  switch  stand  and  lever. 
At  a  No.  9  frog  there  are  four  ties ;  the  inner  ones,  at  the  frog  point, 
are  spaced  28.56  inches  center  to  center,  and  the  outer  ones  26.60  inches. 
On  these  four  ties  is  a  plate  6.56  feet  long,  and  16.8  inches  wide,  to 
which  the  rails  are  bolted,  and  whicli  is  bolted  to  each  tie  by  two  bolts. 

Mr.  Bricka,  in  his  report,  1885,  gives  the  following  statement  of  the 
mileage  of  this  road  for  1884 ;  and  21.08  miles  more  were  laid  in  1885 : 

Miles. 

Mainlines 403.62 

Total  track 596.44 

Wooden  ties ,. 573.  50 

Metal  ties 22.94 

Western  and  Simplon  Railway. — Steel  ties  of  the  "  Berg-and- 
Mark"  type  and  similar  to  those  in  use  on  the  Elberfeld  division  of  the 
Prussian  State  railways,  were  tried  about  1881.  They  weighed  about 
100  pounds  each.     The  engineers  thought  the  maintenance  expenses 
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were  giTiiter  at  tirst,  owiii*^-  to  tlie  (litticulty  of  ballastiii<^,  but  the  track 
was  very  elastic  and  the  ridin<^  easy.  In  1881:  there  were  about  34.10 
miles  hiid.  Mr.  Bricka  stated  that  the  introduction  of  metal  ties  had 
reduced  the  prices  of  wooden  ties  as  follows  :  Oak,  reduced  from  $1.'J() 
or  §1.30  to  1)0  cents  per  tie ;  larch,  reduced  from  80  or  90  cents  to  00  or 
70  cents  per  tie.  For  rails  10.08  feet  long  the  ties  were  spaced  20.08 
inches  apart,  center  to  center,  at  the  joints,  and  36.38  inches  interme- 
diate. Mr.  Bricka  gave  the  following  statement  of  the  mileage  of  track 
ui)  to  1884: 

Miles. 

Main  Hues 368.90 

Total  track 492.28 

Woodeu  ties 473.68 

Metal  ties 18.60 

The  type  of  tie  adopted  in  1887  (See  plate  No.  15)  is  of  inverted  trough 
section,  broad  and  shallow  at  the  ends  and  narrow  and  deep  at  the  mid- 
dle, being  of  fish-bellied  shape  in  elevation.  The  cross-section  is  similar 
to  that  of  the  '^  Berg-and  Mark  "  type.  The  tie  is  bent  to  a  curve  with 
a  radius  of  49.26  feet  to  give  the  rails  an  inward  inclination.  It  is  7.54 
feet  long  over  all,  9.2  inches  wide  over  all  at  the  ends,  narrowing  to  4.8 
inches  at  the  middle,  and  flaring  out  to  11.2  inches  at  the  extremities ; 
it  is  4.4  inches  deep  at  the  middle,  2.4  inches  deep  for  the  greater  part 
of  its  depth,  and  the  ends  are  curved  down  and  project  below  the  body 
of  the  tie,  being  4  inches  deep.  At  the  rail  seat  it  is  5.2  inches  wide  on 
top,  9.2  inches  wide  at  the  bottom,  2.4  inches  deep,  with  the  sides  verti- 
cal for  1.04  inches  from  the  bottom.  At  the  middle  it  is  of  f\  section, 
with  nearly  vertical  sides  and  round  top  corners  ;  it  is  4.8  inches  wide 
at  the  bottom  and  4.4  inches  deep,  with  the  top  flat  for  a  width  of  about 
2.4  inches.  The  thickness  is  .28  inch  at  the  sides,  .36  inch  on  top,  and 
.52  inch  along  the  middle  of  the  top  table,  the  extra  thickness  being 
given  by  a  rib  1.44  inches  wide  on  the  underside  of  the  top.  For  rails 
19.68  feet  long,  the  joint  ties  are  spaced  20.08  inches  apart,  center  to 
center,  and  the  intermediate  ties  36.68  inches  apart.  The  rails  are  of 
flange  section,  secured  by  gib  and  cotter  fastenings.  The  outer  flange 
is  held  by  a  gib  ;  the  inner  flange  is  also  held  by  a  gib,  and  a  third  gib 
is  placed  back  to  back  with  the  second  one  and  the  vertical  cotter 
driven  between  them,  the  object  of  the  third  gib  being  to  increase  the 
bearing  of  the  cotter.  At  each  rail  seat  there  are  two  holes  in  the  tie ; 
the  outer  one  is  1.56  inches  long  at  right  angles  to  the  rail  and  .72  inch 
wide  5  the  inner  hole  is  2.624  inches  long  and  .72  inch  wide  ;  they  are 
3.36  inches  apart  in  the  clear.  The  gibs  are  .68  inch  thick.  The  cotter 
is  5.96  inches  long,  .68  inch  thick,  1.07  inches  wide  at  the  top,  and  .76 
inch  wide  just  above  the  point.  Inner  and  outer  gibs  of  three  diff'erent 
widths  are  used  for  the  adjustment  of  the  gauge ;  they  allow  a  widening 
of  .16  to  .64  inch,  and  raised  numbers  on  the  side  enable  them  to  be 
easily  dis,tinguished.  The  gauge  on  tangents,  and  on  curves  of  over 
2,955.8  feet  radius,  is  4.71  feet ;  at  the  ends  of  curves  of  1,315.28  feet  to 
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2,952  feet,  the  inner  rail  is  set  out  to  give  a  gauge  of  4.73  feet,  and  the 
gauge  on  the  curve  is  4.736  feet,  the  iuuer  rail  beiug  again  set  out;  on 
curves  of  590.4:  feet  to  1,312  feet  radius,  the  outer  rail  is  set  out  to  give 
a  gauge  of  4.75  at  the  end  of  the  curve,  and  is  set  out  again  to  give  a 
gauge  of  4.762  feet  on  the  curve.  This  method  enables  very  close  ad- 
justments to  be  made,  and  the  gauge  is  accurately  maintained,  but  it 
has  the  disadvantage  of  requiring  the  use  of  several  different  kinds  and 
sizes  of  material  in  track  work,  and  as  the  fastening  of  each  rail  to  each 
tie  requires  four  separate  pieces  (three  gibs  and  one  cotter)  the  result 
is  an  apparant  complication,  especially  on  a  line  having  many  curves, 
where  different  sizes  of  gibs  are  required.  On  the  other  hand,  fasten- 
ings used  with  metal  ties  are  expected  to  requir.'  very  much  less  atten- 
tion when  once  in  place  than  fastenings  used  with  wooden  ties,  and 
many  bolt  fastenings  require  a  still  greater  number  of  pieces.  In  track 
work  it  is  always  desirable  to  have  as  few  separate  pieces  and  as  great 
simplicity  as  possible. 

The  following  particulars  are  taken  from  the  company's  book  of  '•  In- 
struction for  the  laying  and  ballasting  of  track  having  rails  39.36  feet 
long,"  issued  in  1885 : 

The  gauone  of  the  road  is  4.70  feet  on  wooden  ties  and  4.71  feet  on  metal  ties.  The 
rails  are  of  flange  section,  weighing  66.40  pounds  per  yarJ  ;  they  are  5.08  inches  high 
with  a  head  2.4  inches  wide  and  a  flange  4  inches  wide;  they  have  an  inward  incli- 
nation of  1  in  20.  The  joints  are  square  and  suspended,  and  are  spliced  by  fish  i>lat(  s 
with  four  bolts  ;  some  of  the  pLates  hare  a  hig  which  bears  against  the  tie  plate  on 
wooden  ties,  or  against  the  gib  fastening  on  metal  ties,  the  object  being  to  prevent 
creeping  of  the  rails.  Changes  of  grade  are  eflfected  by  a  vertical  carve  of  3,280  feet 
radius,  giving  a  deflection  of  .32  inch  for  a  rail  length  of  39. 3G  feet.  The  following 
spacing  of  ties  for  rails  of  this  length  was  adopted  in  1867  :  Wooden  ties  are  spaced 
24.8  inches  apart  at  the  joints,  2'J.2  and  32.8  inches  next  to  the  joints,  and  36.8  iuches 
for  intermediate  ties  ;  metal  ties  have  the  ties  at  the  joints  spaced  20  inches  apart, 
center  to  center,  the  next  ones  30  and  34.4  inches,  aud  the  intermediate  ties  36.8 
inches  apart.  The  width  at  subgrade  for  single  track  is  16.40  feet.  With  wooden 
ties  the  ballast  is  14.8  inches  deep  at  the  middle,  16.8  inches  deep  at  the  sides,  and 
9.84  feet  wide  on  top  for  single  track;  the  subgrade  is  crowned,  and  the  surface  of 
the  ballast  is  horizontal,  just  covering  the  ties.  On  curves  the  top  of  the  hallast  is 
given  the  same  slope  as  the  ties  and  on  double  track  on  curves  the  ballast  between 
the  two  tracks  is  rounded  off  to  a  level  with  the  top  of  the  tie  of  the  inner  track 
and  the  top  of  the  rail  of  the  outer  track.  With  metal  ties  the  arrangement  is  sinii- 
lar,  but  the  ballast  is  shallower,  only  level  with  the  tops  of  the  ties  aud  uot  covering 
them  ;  it  is  only  8.2  feet  wide  on  top  for  single  track.  The  volume  of  ballast  per  yard 
single  track  is  as  follows, the  volume  of  the  ties  being  deducted  where  wooden  ties 
are  used : 

With  wooden    With  metal 
ties.  ties. 


Cubic  yards. 

On  tangents 1.  55 

On  curves  below  1,968  feet 1.71 


Cubic  yards. 
.83 
.79 


In  April,  1888,  Mr.  Mayer,  chief  engineer  of  permanent  way,  stated 
that  the  laying  of  these  ties  was  commenced  in  1883  j  up  to  the  date  of 
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his  letter  5l\70  miles  bad  been  laid,  and  lil.7  miles  were  to  be  laid  during 

1888.  Some  of  the  ties  pub  down  in  1883  were  taken  out  in  1888  to  see 
iiow  they  had  behaved  in  service,  and  they  were  found  to  be  in  excel- 
lent condition.  They  weigh,  he  stated,  i)().8  to  1)1)  pounds  each.  The 
track  keeps  in  good  order,  and  the  engineer  was  very  well  satistied  with 
the  ties.  The  cost  of  maintenance  was  even  more  economical  than  with 
wooden  ties.  It  is  expected  that  these  ties  will  last  twice  or  two  and  a 
.lialf  times  as  long  as  the  best  oak  ties ;  when  rejected  they  will  always 
[be  worth  40  to  50  cents  each,  while  rejected  oak  ties  are  not  worth 
more  than  8  to  10  cents  each.  They  are  nnide  from  mild  steel  plates, 
and  the  railway  pays  $26.40  per  ton  of  2,200  pounds,  or  $1.16  per  tie.  An 
oak  tie  costs  $1,  and  the  two  iroi^  tie-plates  for  the  same  cost  10  cents. 
The  ballast  used  with  the  metal  ties  consists  of  screened  gravel,  not 
too  coarse,  broken  to  pass  through  a  ring  of  1.6  inches  diameter  ;  broken 
stone  of  the  same  size  is  also  used. 

At  the  meeting  of  the  International  Railway  Congress,  at  Paris,  in 

1889,  Mr.  Mayer  presented  the  following  information  : 

Since  1883  metal  ties  have  been  used  in  regular  service,  being  introduced  gradually 
as  the  wooden  ties  necessitate  renewals  The  total  lengtb  of  track  thus  laid  is  as  fol- 
lows : 

Miles. 

1883 6.738 

1884 ...10.725 

1885 10.131 

1886 9.512 

1887 13.036 

1888 18.426 

Total  at  end  of  1888 68.568 

This  represents  a  total  of  about  126,990  ties  in  the  track.  The  work  is  being  con- 
tinued, and  it  is  intended  to  lay  about  15.5  to  IS. 6  miles  of  metal  track  per  year. 
Contracts  have  been  made  for  supplies  for  five  years.  This  type  of  track,  as  already 
described,  is  now  adopted  as  the  standard  track  of  the  road.  The  ties  first  used  were 
of  uniform  section  throughout,  but  the  form  adopted  in  1887  is  narrow  and  deep  at 
the  middle  (See  plate  No.  15) ;  the  objects  being  to  give  a  better  hold  on  the  ballast, 
to  increase  the  stiffness  of  the  tie,  and  to  prevent  lateral  motion  of  the  tie.  The  ties 
are  of  mild  steel,  having  a  resistance  to  breaking  of  56,000  to  65,000  pounds  per 
square  inch.     The'^weight  is  99  pounds  per  tie. 

The  maximum  grades  are  2.3  per  cent,  and  the  minimum  radius  of  curves  is  1,148 
feet.  The  traffic  varies  on  different  parfs  of  the  line,  being  from  eight  trains  in  each 
direction  per  day,  with  a  maximum  speed  of  28  miles  per  hour,  on  branch  lines,  to 
thirty  trains  in  each  direction  per  day,  with  a  maximum  speed  of  40  miles  per  hour, 
on  the  main  line.  The  heaviest  locomotives  weigh  about  34  tons,  with  a  maximum 
load  of  12  tons  on  an  axle,  though  some  of  the  old  four-wheel  tank  engines  still  in 
use  have  a  load  of  13  tons  per  axle.  Up  to  1884  the  rails  were  19.68  feet  long,  with, 
seven  ties  to  a  rail  length.  They  are  now  made  39.30  feet  long,  with  thirteen,  or  in 
exceptional  cases  fourteen,  ties  to  a  rail  length.  The  first  cost  of  track  on  new 
•wooden  ties  is  about  $47  per  rail  length,  or  about  |3.58i  per  yard.  The  first  cost  of 
track  on  steel  ties  is  about  S47..55  per  rail  length,  or  about  $3.62|  per  yard.  The 
current  prices,  on  which  these  estimates  were  made,  were  87  cents  each  for  oak  ties 
nd  81-31  each  for  steel  ties  ($1.16  for  the  tie  and  15  cents  for  the  fastenings).  The 
cost  of  maintenance  has  not  yet  been  estabHshed,  but  reports  for  the  year  ending 
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February,  1889,  for  twenty -two  sections  of  track  on  steel  ties  and  twenty-one  sections 
of  tracii  on  wooden  ties,  showed  the  maintenance  expenses  of  the  former  to  be 
slightly  less  than  those  of  the  latter.  The  comjiauy  has  lound,  and  this  is  the  gen- 
eral experience,  that  the  maintenance  expenses  of  track  on  metal  ties  are  duriug  tbe 
lirst  two  years  rather  higher  than  tbose  of  track  on  wooden  ties,  bnt  after  thai  time 
they  decrease  considerably  for  the  former.  The  introduction  of  steel  ties  has  re- 
duced the  price  of  oak  ties  from  $1.25  to  87  cents  each.  A  slight  but  scarcely  per- 
ceptible metallic  sound  is  heard  when  traveling  over  the  steel  ties.  No  difference  in 
the  wear  of  the  rolling-stock  has  been  noted.  A  few  fastenings  have  been  renewed, 
not  on  account  of  failure,  but  because  they  were  considered  to  be  too  light,  and  were 
replaced  with  others  of  stronger  make.  The  durability  of  the  steel  ties  has  not  yet 
been  determined,  \)ut  those  first  put  down  in  1883  do  not  show  any  wear  or  cutting 
by  the  rail  flange.  Of  the  126,990  steel  ties  laid,  only  43  have  been  taken  out  on  ac- 
count of  breakage  (0.03386  per  cent.),  while  it  is  estimated  that  with  the  same  num- 
ber of  wooden  ties  the  renewals  would  have  amounted  to  20,000  or  25,000  ties  (15.75 
to  19.7  per  cent.). 

Jura,  Berne  and  Luzerne  E  ail  way. — Iron  cross-ties  are  in  use 
on  this  road,  and  the  following  statement  in  regard  to  the  track  was  sent 
to  me  in  August,  1889.  by  the  chief  engineer  : 


Inclusive  of  the 

Bodeli  and 

Brunig  lines. 

Exclusive  of 

the 
Brunig  line- 

Total  ]eiio"th  of  road    

Miles. 

216.24 
228. 16 

Mileft. 

188  44 

200.  26 

Leiigili  of  track: 

W^itli  wooden  ties  ..     .........   ................   ...... 

229.  31 
33.04 

'''>3  09 

With  metal  ties , 

7.95 

Total  lenc^th  of  track 

262.  35 

231. 04 

The  ties  are  of  iron  and  are  of  a  somewhat  similar  type  to  those  used 
on  the  Gotthard  Eailway,  but  the  cross-section  at  the  rail-seat  more 
closely  resembles  the  *'  Post "  tie  (See  ''Holland"),  with  a  rib  on  each  of 
the  lower  edges.  The  tie  is  7.87  feet  long  ;  at  the  outer  part  of  the  rail- 
seat  it  is  4  inches  wide  on  top,  9.4  inches  wide  over  tbe  ribs  at  the  bot- 
tom, and  3.56  inches  deep;  at  the  inner  part  of  the  rail-seat  it  is  4.8 
inches  wide  on  top,  9.4  inches  wide  on  the  bottom,  and  2.8  inches  deep  ; 
at  the  middle  it  is  of  fl  section,  about  3.5  inches  wide  and  5.36  inches 
deep.  The  thickness  of  the  sides  is  from  .24  inch  at  the  bottom  to  .32 
inch  at  the  top ;  the  top  table  is  .28  inch  thick,  except  at  the  rail-seat, 
where  it  is  .44  inch  thick;  the  ribs  on  the  edges  are  about  .72  inch  deep. 
The  inclination  of  the  rail  seat  is  1  in  20.  The  rails  are  secured  by 
bolted  clamps  on  the  Euppel  system  (See  plate  No.  ]3),  the  adjustment 
of  the  gauge  being  effected  by  the  use  of  different  sets  of  clamps. 

On  the  Delle  and  Basle  line  a  length  of  1.55  miles  has  been  laid  with 
a  rather  different  form  of  track,  designed  by  Mr.  Bieri,  an  engineer  on 
this  road.  The  rail  rests  on  a  tie-plate  which  gives  it  the  inclination 
of  1  in  20;  bolted  clamps  of  ( —  shape  hold  the  rail  flange,  but  the 
vertical  leg:  does  not  fit  into  the  bolt-hole.    A  hole  in  the  middle  of  the 
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tie  plate  is  over  a  smaller  bole  in  the  tie,  and  into  these  holes  fits  j> 
metal  plu^  of  T  section  ;.  the  width  of  the  projection  of  the  head  is  dif- 
ferent on  each  side,  the  leg  not  being  in  the  middle,  so  that  by  turning 
the  plug  the  position  of  the  tie-plate,  and  consequently  the  gauge  of 
the  track,  is  altered.  This  is  a  somewhat  similar  plan  to  that  tried  in 
India  by  Sir  Guilford  L.  Molesworth,  consulting  engineer  for  state  rail- 
ways, but  in  that  case  the  plugs  were  used  in  cast-iron  bowls  and  the 
legs  engaged  with  notches  in  the  tie-bars.  On  the  Delle  and  Basle 
line  there  are  twenty-nine  trains  per  day  besides  a  number  of  extra 
trains  (often  one  or  two  per  day)  during  the  mouths  of  busiest  traffic. 

United  Swiss  Railways. — In  August,  1889,  the  chief  engineer 
stated  that  on  this  line,  which  is  166.16  miles  long,  1,843  mild  steel  ties 
were  laid  during  1887  and  to  the  end  of  1888.  These  ties  were  similar 
to  those  of  the  Gotthard  Railway  (See  plate  No.  15).  They  were  manu- 
factured at  the  Good  Hope  Works  and  the  Hoerde  Works,  and  cost 
$28.40  per  2,200  pounds,  or  $1.64  each.  The  ties  are  8.2  feet  long,  and 
are  narrow  and  deep  at  the  middle ;  at  the  rail  seat  the  cross-section  is  4.8 
inches  wide  on  top,  9.28  inches  wide  over  the  ribs  on  the  bottom  edges, 
and  3.4  inches  deep ;  the  top  corners  have  a  radius  of  1.6  inches,  and 
the  sides  have  an  outward  slope  of  5  to  1;  the  thickness  of  the  top 
table  is  .48  inch  and  of  the  sides  .28  inch.  Inside  the  rail  seat  the 
cross-section  is  similar,  but  only  3.24  inches  deep,  and  the  thickness  of 
the  top  table  is  .32  inch.  At  the  middle  it  is  of  fl  section,  2.54  inches 
wide  on  top,  with  top  corner  curves  of  .88  inch  radius;  depth  5.52 
inches;  width  inside  at  bottom,  3.46  inches.  The  weight  is  127.6  to 
134.2  pounds.  The  bolt  holes  are  .84  inch  square,  with  rounded  corners. 
For  rails  39.36  feet  long,  there  are  fifteen  ties;  the  joint  ties  are  spaced 
21.6  inches  apart  center  to  center,  the  ties  next  to  the  joints  26.4  inches, 
the  next  30.08  inches,  and  the  intermediate  ties  34.4  inches.  For  rails 
29.52  feet  long  there  are  twelve  ties;  the  joint  ties  are  spaced  21.6 
inches,  the  next  26.4  inches,  the  next  28  inches,  and  the  intermediate 
32.8  inches.  For  rails  19.68  feet  long,  there  are  eight  ties ;  the  joint 
ties  are  spaced  21.6  inches,  the  next  26.8  inches,  the  next  30.8  inches, 
and  the  intermediate  ties  31.4  inches.  The  rail  joints  are  square,  sus- 
pended, and  are  spliced  by  angle-bars  26.8  inches  long,  extending  ov^er 
the  joint  ties  and  having  the  flanges  notched  for  the  rail  clamps  on  the 
ties;  the  bars  weigh  22.66  pounds  eacli,  and  have  four  bolts.  The  rail 
fastenings  are  of  the  Roth  and-Schuler  type  (See  plate  ISTo.  13);  the  bolts 
are  .76  inch  diameter,  with  a  round  head  and  a  neck  .8  inch  square ; 
the  gauge  washers  are  1.76  inches  square,  with  a  hole  .8  inch  diameter 
so  placed  as  to  be  .28,  .38,  .58,  and  .68  inch  from  the  sides,  allowing  for 
the  adjustment  of  the  gauge  of  the  track.  A  channel-shaped  rail  clamp 
with  an  oval  bolt  hole,  .84  by  1.24  inches,  fits  over  the  washer,  one  leg 
resting  on  the  rail  flange  and  the  other  on  the  tie.  The  bolt  passes 
through  the  tie,  washer,  and  clamp,  and  the  nut  is  screwed  down  on  the 
latter. 
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The  engines  used  bave  four  coupled  wheels,  and  weigh  110,000  pounds. 
The  maximum  grades  are  2  per  ceut.  aud  the  sharpest  curves  are  of 
721.6  to  981  feet  radius.  ISTo  experieuce  had  then  beeu  acquired  as  to 
the  cost  of  maintenance ;  the  short  time  of  observation  had  showed  that 
the  wear  of  the  ties  is  small,  but  that  the  wear  of  the  bolts  aud  the 
gauge  washers  is  considerable  on  the  sharp  curves  of  72L6  to  981  feet 
radius  with  this  (Roth  aud-Schuler)  system  of  fastening.  The  ballast 
is  of  gravel,  and  is  16  inches  thick  under  the  ties.  The  rails  are  of 
flange  section,  weighing  71.13  pounds  per  yard.  The  steel  ties  were 
adopted  because  the  neighboring  roads  havehad  satisfactory  experience 
with  them,  and  because  the  pnc«  of  oak  ties  rose  while  that  of  steel 
remained  cheap.  It  seemed,  however,  at  the  time  of  writing  (August 
1889),  that  the  price  of  steel  would  also  go  up.  Oak  ties,  7.87  feet  long 
by  9.6  inches  by  6  inches,  cost  about  $1.12  to  $1.20  each,  and  have  an 
average  hfe  of  seventeen  years.  Larch  (or  tamarack  or  hackmatack) 
ties  -of  the  same  dimensions  cost  6Q  to  80  cents  each,  and  have  an  aver- 
age life  of  ten  years. 

Swjss  Central  Eailway. — Metal  ties  were  first  used  about  1880 , 
the3^  are  of  the  '^Berg-and-Mark"  type  (Germany),  resembling  those 
in  use  on  the  Western  and  Simidon  Eailway  (See  plate  Xo.  15).  They 
are  7.87  feet  long ;  the  first  ones  used  weighed  103.4  pounds  each,  but 
the  later  ones  weigh  118.8  pounds.  The  gib  and  cotter  fastenings  are 
used.  The  earlier  ties  were  of  iron,  the  later  ones  are  of  steel.  At  the 
end  of  1881  there  were  over  100,000  ties  in  service,  and  it  was  intended 
to  lay  about  30,000  per  year  until  they  had  been  laid  over  the  entire 
system.  The  engineers  were  well  satisfied  with  the  results  obtained, 
and  they  considered  the  track  more  elastic  than  track  on  wooden  ties. 
The  cotters  are  said  to  keep  tight  and  do  not  wear  the  holes.  At 
switches  heavier  ties  are  used,  with  the  top  table  .52  inch  thick,  the  'i 
l^urpose  being  to  have  them  strong  enough  not  to  be  broken  by  derail-  i  ? 
ments,  which  occur  more  frequently  at  switches  than  on  the  open  track,  i  j 
The  ballast  is  of  round,  clear  gravel,  and  forms  a  core  in  the  tie.  The  |( 
engineers  have  found  by  experience  that  the  metal  ties  require  a  better  |i| 
ballast  than  the  wooden  ties,  but  that  when  well  settled,  and  after  the 
first  year  of  maiiitenance,  one  packing  of  the  ballast  each  year  is  suffi- 
cient to  keep  the  track  in  good  condition.  Mr.  Bricka,  in  his  report, 
(1885)  gives  the  following  statement  of  the  track  for  1881: 

Miles. 

Main  line 244.28 

Total  track 403.62 

Wooden  ties 333.56 

Metalties 70.06 

Mount  Pilatus  Eailway. — This  is  a  rack  railway  up  Mount  Pilatus. 
It  is  about  2|  miles  long,  and  has  a  maximum  grade  of  18  per  cent. 
The  rack  is  a  flat  steel  bar  with  teeth  on  each  side,  and  the  driving  or 
spur  wheels  of  the  engines  are  horizontal.  The  track  is  entirely  of 
metal,  and  the  ties  are  bolted  down  to  the  masonry  substructure  by 
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bolts  1.08  inch  diameter.  The  cross-ties  are  of  channel  section,  inverted ; 
they  are  4  feet  long*,  ').(}  inches  wide,  and  2i  inches  deep.  The  joint 
ties  are  spaced  15.2  inches  apart  and  the  intermediate  ties  4.3  feet.  In 
the  middle  of  each  tie  is  a  chair  built  up  of  an  inverted  cliannel  1<>.2 
inches  wide  and  2.88  inches  deep,  with  an  angle-iron  2.40  by  2.40  inches 
at  each  side,  the  angle-irons  being  riveted  to  the  sides  of  the  chair  and 
the  top  of  the  tie  by  two  rivets  on  each  side.  At  the  joints  the  chairs 
extend  over  the  two  joint  ties,  being  20.8  inches  long.  These  chairs 
carryanirou  longitudinal  of  approximately  _rv  section, 8.4 inches  wide, 
4  inches  deep,  and  on  top  of  this  is  bolted  the  flat  rack-rail,  which  is  5.2 
inches  wide  over  the  teeth  and  l.G  inches  deep,  made  in  sections  9.84 
feet  long.  The  gauge  of  the  track  is  .32  inches.  The  rails  are  of  flange 
section,  about  4.8  inches  high,  with  a  head  1.64  inches  wide  and  a  flange 
4  inches  wide;  they  are  10.68  feet  long.  The  rail  joints  are  secured  by 
angle-bars  bolted  in  the  usual  way.  The  bars  are  2.72  inches  high,  with 
a  flange  3.2  inches  wide  having  a  rib  on  the  underside  of  the  outer  edge 
of  the  flange.  This  rib  bears  on  the  tie  while  the  flange  bears  on  the 
rail.  Each  angle-bar  is  bolted  to  the  tie  and  extends  over  the  two 
joint  ties;  a  short  angle  bar  fastening  is  used  at  each  intermediate  tie. 
The  rails  and  rack  are  laid  to  break  joint,  so  that  each  rail  has  two 
ties  close  together  at  the  middle.  The  horizontal  curves  have  a  radius 
of  262.4  feet  (about  22  degrees),  the  vertical  curves,  at  changes  of 
grade,  have  a  radius  of  1,640  feet. 

BuRGENSTOCK  RAILWAY. — This  is  a  short  rack  railway,  on  the  Abt 
system,  up  the  Burgenstock  mountain.  It  is  operated  by  a  cable,  the 
l^lant  being  driven  by  electricity  generated  by  water  power  at  a  consid- 
erable distance;  the  rack  gear  is  intended  merely  for  safety,  on  ac- 
count of  the  steep  grade.  The  line  is  3,070.08  feet  long,  with  a  grade 
of  32  per  cent,  for  1,148  feet  from  the  bottom  and  58  per  cent,  for  the 
remainder  of  the  distance.  It  is  the  steepest  railway  in  existence.  At 
the  middle  of  the  line  is  a  curve  606.8  feet  long,  the  tangents  of  which 
form  an  angle  of  112  degrees.  The  cross- ties  are  angle  irons  about  4.92 
feet  long ;  the  vertical  web  is  about  3.2  inches  deep,  and  is  imbedded  in 
masonry  ;  the  horizontal  web  is  about  4.8  inches  wide  and  carries  the 
rails.  The  gauge  is  1  meter.  The  rails  are  of  flange  section,  weighing 
44.25  pounds  per  yard ;  they  are  4.6  inches  high,  with  a  flange  3.96 
inches  wide,  resting  on  a  plate  .20  inch  thick  between  the  rail  and  tie. 
The  rails  are  fastened  by  bolted  clamps,  or  by  bolts  passing  through 
the  rail  flanges.  The  ends  of  the  ties  are  closed  by  riveted  angle- 
irons.  In  the  middle  of  the  track  is  a  rack  rail  of  two  bars,  .8  inch 
thick  and  1.12  inches  apart,  each  bolted  or  riveted  to  an  angle  iron 
bolted  to  the  tie. 
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SUMMAEY  OF  METAL  TRACK  FOR  SWITZERLAND. 

Railways. 

Longi- 
tudinals. 

Cross- 
ties, 

Total. 

Miles. 
.25 

Miles. 

37.00 

41. 00 

68.57 

33.04 

1.00 

120. 00 

2.75 

.62 

Miles. 

41  00 

W^estei n  and  Simplon             .            ....          .. ...        . 

6S  57 

33  0-t 

XJnited  Swiss                                         ..       . ..       .         ............ 

1      ('!) 

I'^O  (11) 

TyTmiTit  Pilatiis         .                                ... 

9  7' 

6"' 

Total  (compiled  from  returns) 

.25 

303.98 

3<)4  '^3 

Actual  total  in  1889       

397  40 

SPAIN. 


General  Eemarks. — In  Spain,  metal  ties  are  in  use  to  a  moderate 
extent,  but  wooden  ties,  either  of  native  fir  or  imported  creosoted  pine, 
are  more  generally  used.  In  October,  1888,  the  following  interesting 
statement  from  a  Spauisli  correspondent  was  published  in  an  English 
technical  paper : 

Very  large  quantities  of  tbe  fir  ties  used  by  Spauisli  railways  have  been  derived 
from  the  forest  districts  of  Portugal  north  of  Oporto.  I  have  lately  been  visiting 
this  district,  and  find  that  in  places  where,  twenty-five  years  ago,  fir  trees  of  sufiS- 
cient  size  for  ties  seemed  inuumerable,  there  are  hardly  any  to  be  seen  no  \v  which  could 
be  used  for  that  purpose  within  twenty  years.  Espiuho,  Caminha,  and  Yianna, 
■which  are  small  ports  from  -which  the  ties  used  to  be  shipped,  have  now  scarcely  any 
traffic  of  this  kind  at  ail.  ConsideriDg  that  Spain  may  require  within  a  compara- 
tively short  period  20,000,000  or  30,000,000  of  ties  for  new  lines,  besides  those  required 
to  replace  decayed  woodeu  ties  ou  the  existing  liues,  there  can  be  very  little  doubt 
that  steel  ties  will  rapidly  come  into  use  in  this  country. 

The  gentleman  whose  statement  is  quoted  above  wrote  to  me  in 
January,  1889,  saying  that  the  principal  railway  companies  were  still 
using  wooden  ties,  of  which  a  great  number  came  from  the  north  of 
Europe,  and  some  from  the  Landes,  in  France.  Prices  have  not  been 
altered  for  some  years,  but  in  the  country  large  timber  for  ties  is  very 
scarce.  At  one  time  he  imported  1,000,000  ties  from  Portugal,  but  in 
1887  he  went  over  the  district  where  the  trees  had  been  cut  and  found 
that  it  would  be  many  years  before  other  ties  could  be  obtained  from 
there.  In  the  north  of  Spain,  particularly  toward  tlie  Pyrenees,  oak 
ties  are  still  to  be  had,  but  even  for  the  lines  decided  to  be  constructed 
this  source  of  supply  will  not  be  sufticient.  He  thinks  the  period  is 
fast  approaching  when  metal  ties  will  be  a  necessity.  In  September- 
1889,  the  same  gentleman  stated  in  a  letter  to  the  paper  above  men, 
tioned  that  although  a  scarcity  of  wood  for  mining  purposes  was  being 
felt  in  Asturias,  woodeu  ties  were  being  sold  in  other  parts  of  the 
country  at  cheaper  rates  than  had  ever  been  known  before. 

The  maximum  life  of  Spanish  pine  ties,  not  creosoted,  is  reported  as 
about  five  years.  On  the  Rio  Tinto  Railway,  creosoted  Baltic  ties  are 
found  more  economical,  lasting  ten  or  twelve  years. 
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During  the  discussion  of  a  paper  on  '*  Metal  Sleepers  for  Railways," 
by  Mr.  E.  Benedict,  read  before  the  Institution  of  Engineers  and  Ship- 
l)uilders,  Glasgow,  in  March,  1877,  Mr.  Peter  Stewart  stated  that  he  had 
some  experience  on  a  short  line  in  the  south  of  Spain,  half  of  which,  or 
about  14  miles,  was  hiid  with  rectangular  cast-iron  bowls,  with  tie-rods, 
in  sand  ballast.  The  rest  of  the  line  was  laid  with  uncreosoted  wooden 
ties.  In  running  over  the  road  there  was  a  hard  metallic  ringing  sound 
from  the  iron  track.  This  portion  of  the  line  was  very  favorable  as  re- 
garded grades  and  curves,  but  the  difficulty  and  cost  of  general  main- 
tenance were  so  great  that  the  iron  ties  had  to  be  replaced  with  wooden 
ties,  w^hich,  with  ordinary  care,  were  little  affected  by  the  climate,  and 
gave  very  fair  results. 

Much  interest  in  the  subject  of  metal  ties  is  said  to  be  shown  at 
Bilbao,  that  place  being  an  important  center  of  the  iron  industry.  It 
was  hoped  that  the  Northern  Eailway  would  adopt  cast-iron  ties,  as  the 
productive  capacity  of  the  iron-works  exceeds  the  demand  for  home 
consumption,  but  so  far  oak  ties  appear  to  be  preferred. 

Bilbao  and  Las  Arenas  Railway. — This  line  runs  from  the  port 
of  Bilbao  to  the  town  of  Las  Arenas  at  the  mouth  of  the  river  ;  it  is  7.10 
miles  long,  one  meter  gauge  ;  minimum  radius  of  curves,  278.8  feet,  and 
360.8  feet  maximum  grade,  1.98  per  cent.  The  main  line  and  sidings  are 
laid  with  steel  cross-ties  which  were  put  down  in  June,  1887.  (See  plate 
No.  16.) 

In  a  communication  received  in  May,  1888,  in  regard  to  this  line,  it 
w  a3  stated  to  be  believed  that  these  ties  would  be  cheaper  than  wooden 
ties.  At  first  more  attention  has  to  be  paid  to  such  track  than  that 
laid  on  wooden  ties.  No  difficulty  had  been  experienced  with  the  fast- 
enings. The  gauge  had  been  maintained  better  than  is  possible  with 
wooden  ties.  It  was,  however,  considered  advisable  to  increase  the 
length  of  the  ties  and  to  space  them  more  widely  apart  on  any  exten- 
sions of  the  line.  The  ties  are  of  inverted  trough  section,  being  of  the 
modified  Vautherin  type,  with  a  rib  on  each  of  the  lower  edges.  They 
are  4.92  feet  long,  3.6  inches  wide  on  top,  7.2  inches  wide  at  the  bottom, 
2.4  inches  deep.  The  thickness  of  the  sides  is  .24  inch,  of  the  rib  .52 
inch ;  the  top  table  is  .26  inch,  but  with  a  rib  on  the  underside  increas- 
ing the  thickness  at  the  middle  to  .32  inch.  The  tie  is  horizontal 
throughout  except  that  the  rail  seats  have  an  inclination  of  1  in  17  for  a 
length  of  6.20  inches,  and  are  then  sloped  down  to  the  normal  level. 
At  each  rail  seat  there  are  two  rectangular  holes,.  1.64  inches  long  by 
:76  inch  wide,  2.4  inches  apart  in  the  clear.  The  fastenings  are  on  the 
Ruppel  plan  (See  ''Germany;  Left-Bank  of  the  Rhine  Railway"),  and 
consist  of  clamps  which  hold  the  rail  flange  and  have  a  lug  projecting 
downward  and  fitting  into  the  bolt  hole  in  the  tie;  these  clamps  are 
secured  by  tee-headed  bolts,  the  heads  being  inside  the  tie,  and  the  nuts 
screwing  down  on  the  clamps.  The  joint  ties  are  placed  16.48  inches 
apart,  center  to  center,  and  the  intermediate  ties  are  spaced 35,44  inches 
22893^Bull.  4 12 
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apart  on  tangents  and  31.2  inches  on  curves.  They  were  manufactured 
at  the  Bochum  Works,  in  Germany,  and  were  not  painted  or  otlierwise 
treated.  The  rails  are  of  flange  section,  weighing  32.16  jjounds  per 
yard;  they  are  3.6 inches  high,  with  a  head  1.6  inches  wide  and  a  flange 
3.8  inches  wide.  The  rail  joints  are  suspended,  and  are  spliced  by 
straight  fish  plates  of  curved  section,  fastened  by  four  tee-headed  bolts ; 
the  plates  are  14.4  inches  long;  the  inner  holes  are  4.56  inches  apart, 
center  to  center,  and  the  outer  holes  3. 28  inches.  The  ballast  is  ut  hio- 
ken  stone,  which  becomes  pulverized.  The  weight  of  the  loc  'motives 
is  about  20  tons. 

Another  statement,  received  in  January,  1889,  gives  the  following 
particulars : 

The  ties  wore  laid  in  1886  under  the  supervision  of  Don  Adolfo  Ibarreta  :  they  are 
4.6  feet  long  on  tangents  and  5.25  feet  long  on  curves,  and  are  spaced  21.0  inches 
apart  on  curves  and  25.6  inches  on  tangents.  They  are  of  mild  steel,  weighing  -46.2 
pounds  each,  and  cost  abont  75  cents  each.  The  ballast  is  of  broken  stone,  of  a  rather 
soft  character  ;  it  behaves  well  under  the  ties  if  the  pieces  do  not  exceed  2  inches  in 
size.  The  rails  weigh  34.2  pounds  per  yard.  The  traffic  consists  principally  of  pas- 
senger trains,  and  the  engines,  with  six  wheels,  weigh  about  eighteen  tons.  Tlie 
reason  for  adopting  these  tit  s  was  that  wooden  ties  have  a  short  life,  owing  to  the 
wet  nature  of  the  ground  ;  they  have  proved  generallv  satisfactory,  and  the  bolt 
fastenings  hold  much  better  than  the  spikes  in  wooden  ties.  There  has  been  no  trouble 
from  breakage,  and  no  difficulty  with  rail  attachments  or  maintenance.  The  lie» 
would  have  given  better  satisfaction  if  they  had  been  heavier.  The  steel  tics  are 
considered  to  be  very  well  adapted  for  use  in  wet  climates,  but  track  ou  metal  ties 
takes  some  little  time  to  settle  down  to  a  firm  and  permanent  bearing.  Wooden  tie-j 
would  have  cost  about  50  cents  each,  but  none  have  been  used  ou  this  line. 

Almansa,  Valencia  an^d  Tareagon^a  Eailway. — This  line  is 
251.68  miles  long,  with  a  gauge  of  5  feet  6  inches;  the  gauge  is  uuilonn 
on  tangents  and  curves.  The  maximum  grade  is  1.55  per  cent.,  and 
the  minimum  radius  of  curves  is  583.84  feet.  Cast-iron  plate  ties  of  the 
De.Bergue  system  are  used.  (See  plate  Xo.  16.)  They  were  laid  be- 
tween Valencia  and  Tarragona  in  1860,  and  in  1873  they  were  laid  on 
the  line  between  Almansa  and  Valencia.  The  traffic  is  mixed,  i)riuci- 
pally  freight;  and  the  trains  are  hauled  by  engines  weighing  about  50 
tons,  with  tenders  weighing  25  tons,  in  working  order. 

The  ties  consist  of  cast-iron  plates  arranged  in  pairs  and  connected 
by  tie-bars ;  they  were  made  in  England  and  cost  about  69.6  cents  for 
each  plate  and  50.3  cents  for  each  tie-bar.  No  paint  or  preservative  is 
used.  The  plates  are  laid  3^  inches  apart,  center  to  center  of  each  pair, 
but  the  tie-bars  are  only  put  in  every  alternate  pair.  (This  practice 
was  originally  followed  on  some  of  the  railways  in  Imlia,  but  after  some 
experience  tie-bars  were  put  in  for  every  pair  of  plates.)  The  cost  of 
maintenance  is  about  S3.77  per  mile  per  year,  including  labor  and  ma- 
terial. The  life  of  a  pair  of  plates  and  a  tie-bar  is  twenty  years.  This 
track  is  found  more  economical,  and  the  gauge  is  maintained  better  than 
with  timber  ties.  Xo  difficulty  is  experienced  with  [naintenance,  and 
breakages  only  occur  where  plates  are  changed  while  trains  are  running. 
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The  climatic  effects  upon  the  metal  ties  are  inappreciable,  but  they  have 
a  material  effect  upon  timber  ties.  The  rails  are  of  Besseiner  steel, 
weighing  ()3.o0  pounds  per  yard,  and  having  suspended  joints  fastened 
by  four  bolts.  They  are  of  tlauge  section,  4.52  inches  high,  with  a  tlange 
3.28  inches  wide,  and  a  head  2.48  inches  wide;  the  head  is  rounded,  top 
table  4.52  inches  radius,  top  and  bottom  corners  .52  inch  radius,  with  a 
vertical  strip  about  one  eighth  inch  deep  between  them;  the  flange  is 
narrow  but  very  thick,  the  top  faces  being  at  a  steep  angle.  The  bal- 
last on  single  track  is  10.82  feet  wide  on  the  top,  14.46  feet  at  the  bot- 
tom;  the  width  at  subgrade  is  1G.9  feet  in  cuts  and  19.68  feet  in  fills. 
In  cuts  there  is  a  ditch  on  each  side  of  the  track  28  inches  wide  on  top, 
5.6  inches  wide  at  the  bottom,  and  10.92  inches  deep.  The  ballast  is 
16.8  inches  deep,  and  average  1.107  cubic  yards  of  gravel  per  linear 
yard. 

Each  plate  is  rectangular  in  shape,  19.6  inches  long  with  the  rail, 
15.2  inches  wide,  with  rounded  corners.  The  bottom  is  flat,  with  a  shal- 
low rib  along  the  middle,  in  the  direction  of  the  rail,  having  an 
opening  at  the  middle  of  the  tie-bar;  a  lug  on  the  bottom  of  the 
plate  engages  with  a  notch  in  the  top  edge  of  the  tie-bar.  On  the  top  of 
the  plate  are  two  longitudinal  ribs,  with  four  transverse  ribs  between 
them  ;  these  transverse  ribs  are  not  so  high  as  the  two  longitudinal  ribs, 
and  are  inclined  so  as  to  give  the  rail  its  inward  inclination.  A  shallow 
rib  runs  round  the  edge  of  the  plate,  and  four  curved  webs  or  fillets 
connect  with  the  longitudinal  ribs.  The  outer  flange  of  the  rail  rests 
against  the  inner  side  of  the  rib,  but  is  not  held  down  ;  the  inner  flange 
is  secured  by  a  clamp  which  rests  on  the  plate-rib  and  the  rail  flange  and 
is  fastened  by  a  hooked  bolt,  the  tie  bar  resting  in  the  loop  and  the  nut 
being  screwed  on  from  the  top,  bearing  on  the  rail  clamp.  Each  plate 
weighs  63.8  pounds.  The  tie-bar  is  6.'S6  feet  long,  .52  inch  thick,  and 
2.8  inches  deep,  weighing  28.6  pounds.  It  is  placed  edgeways  under 
the  plates,  a  notch  at  each  end  engaging  with  a  lug  on  the  bottom  of 
the  plate  so  as  to  insure  the  accuracy  of  the  gauge,  and  it  is  held  in 
place  by  the  U  bolts. 

SUMMARV  OF  METAL  TRACK  FOR  SPAIJf. 


Railways. 

Bowls. 

Cross-ties. 

Total. 

Miles. 

Miles. 
7.10 

Miles. 

7  10 

AliuaDsa  Valeucia    aud  Tarragona           --     .           .......... 

251.  68 

251  68 

7.10 

Total 

2.51.68 

258  78 

PORTUGAl.. 

Royal  Railways. — At  the  International  Railway  Congress,  held  at 
Milan,  Italy,  in  1887,  Mr.  Kowalski  stated  that  forty  pieces  of  the  Mac- 
Lellan  system  (See  ''  England  ")  had  been  put  down  as  an  experiment, 
but  the  trial  had  been  too  short  for  any  conclusions  to  be  drawn. 
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ITALY. 


General  Remarks. — The  railways  in  Italy  are  owned  by  the  state^ 
but  are  leased  to  operating  companies  under  government  supervision. 
The  railways  are  divided  into  two  main  systems,  the  Adriatic  system 
and  the  Mediterranean  system,  each  operated  by  asepai-ate  company. 

Metal  ties  have  not  yet  been  introduced  except  in  a  very  small  way 
for  experiments,  as  oak  ties  can  be  obtained  at  a  much  lower  price,  80 
cents  to  $1  each.  It  is  probable  that  the  extension  of  the  railway  sys- 
tems and  the  increasing'  destriiction  of  oak  trees  will  change  this  state 
of  things  eventually,  but  the  time  is  in  the  distant  future,  as  the  growth 
of  the  railways  is  not  ra[)i(l  or  extensive.  It  was  at  one  time  reported 
that  the  Mediterranean  Railway  Company  proposed  to  introduce  metal 
ties  upon  one  of  its  divisions,  at  an  estimated  cost  of  about  8115,200, 
but  this  report  has  not  been  coutirmed,  and  in  answer  to  an  inquiry  the 
engineer  merely  replied  that  metal  ties  are  not  used.  The  director 
general  of  the  Adriatic  Railway  Company  stated,  in  May,  1889,  that 
metal  ties  have  not  been  used  on  the  lines  operated  by  that  compaDy ; 
he  stated  further  that  the  use  of  such  ties  is  not  advisable  for  the  pres- 
ent, because  the  difference  in  cost  of  metal  and  wooden  ties  is  consid- 
erable, and  he  does  not  think  they  will  be  adopted  in  the  near  future, 
as  the  Italian  forests  will  furnish  very  good  timber  for  many  years  yet. 

A  few  steel  ties  of  the  type  used  on  the  Northeastern  Railway,  Eng- 
land, have  been  imported  for  exi)erimental  trial.  The  Italian  Govern- 
ment has  laid  steel  ties  on  about  13  miles  of  the  line  from  Massana  to 
Sahati,  in  Africa,  and  particulars  of  these  will  be  found  under  the 
heading  of  Africa. 

According  to  information  sent  me  in  May,  1888,  by  an  engineer  con- 
nected with  one  of  the  technical  papers  of  Italy,  there  are  a  great  many 
short  olil  lines  of  railway,  the  greater  part  of  which  have  been  united 
to  form  four  principal  systems.  Renewals  have  not  been  carried  out  as 
fast  as  was  desirable,  and  therefore  there  were  a  great  number  of  dif- 
ferent tracks,  old  and  new.  In  May,  1888,  a  commission,  composed  of 
representatives  of  the  more  important  railway  companies,  proposed  to 
the  secretary'  of  state  for  public  works  a  new  type  of  track,  to  be 
adopted  gradually  in  renewals.  Its  principal  features  were  as  follows: 
Steel  rails  of  flange  section,  39.36  feet  long,  5.2  inches  high,  4.4  inches 
width  of  flange,  2.56  inches  width  of  head,  .56  inch  thickness  of  web; 
weight,  76.45  pounds  per  yard.  Suspended  joints,  spliced  by  angle-bars 
with  four  bolts.  There  were  to  be  thirteen  or  fourteen  wooden  ties  to 
a  rail  length,  and  the  rails  were  to  be  fastened  by  screws.  Tie-plates 
of  iron,  7.6  inches  by  6  inches  and  7.6  inches  by  7.2  inches,  .6  inch  thick, 
were  also  to  be  used.  This  project  was  examined  by  the  superior  coun- 
cil of  public  works,  which  decided  that  uiuler  existing  circumstances, 
considering  chicfl\  the  money  side  of  the  question,  it  was  not  advisable 
to  adopt  a  new  i'orm  of  track. 
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swede:n^  and  norwat. 

General  Remarks. — The  only  trial  made  with  metal  ties  in  Sweden 
or  Norway  has  been  for  a  short  distance  on  the  Swedish  state  rail- 
ways, a  description  of  w^hich  trial  is  given  herewith. 

The  following  general  information  relating  to  the  railways  of  these 
countries  is  taken  from  a  communication  received  in  May,  1888,  from 
Mr.  John  Johnson,  manager  and  engineer  of  the  Swedish  Central  Rail- 
way: 

Timber  ties,  uupreserved,  are  generally  used;  they  are  principally  of  fir,  with  a 
small  proportion  of  oak  in  the  south  of  Sweden  ;  for  standard  gauge  lines  they  are 
8.75  feet  loug,  9  inches  wide,  and  6.4  inches  thick ;  fir  ties  have  an  average  life  of  10 
to  12  years,  and  cost  "27  to  30  cents  each.  The  rails  are  of  steel,  of  fiauge  section,  and 
are  of  the  C.  P.  Sandberg  standard  patterns,  weighing  56.5  to  60.36  pounds  per  yard 
for  the  standard  gauge,  and  30.10  to  34.2  pounds  per  yard  for  narrow-gauge  liues. 
The  rails  are  fastened  direct  to  the  ties  by  spikes  5.4  inches  long,  and  no  tie-plates 
are  used.  The  rail  joints  are  suspended,  the  joint  ties  being  placed  only  half  as  far 
apart  as  the  intermediate  ties.  The  rail  joints  are  spliced  by  two  angle-bars  each,  or 
one  straight  and  one  angle  bar.  There  are  nine  ties  to  a  rail  length  of  23.94  feet. 
The  ballast  is  usually  of  gravel,  and  blast-furnace  slag  is  used  where  gravel  is 
scarce;  it  is  laid  flush  with  the  top  of  the  ties,  and  is  12  to  14  inches  deep.  The 
mileage  of  the  railways  in  1888  was  as  follows:  Sweden,  1,547.52  miles  of  govern- 
ment lines  and  3,025.60  miles  of  private  lines;  all  the  former  are  of  standard  gauge 
(4  feet  8^  inches),  but  908.92  miles  of  the  latter  are  of  gauges  varying  from  4  feet  to 
32.08  inches.  There  are  only  1.86  miles  of  double  track.  Norway,  968.44  miles,  of 
which  926.28  miles  are  owned  by  the  government  and  42.16  miles  by  a  private 
company.  The  government  lines  include  324.88  miles  of  standard  gauge  and  601.40 
miles  of  3  feet  6  inches  gauge.  The  private  liues  are  of  standard  gauge.  All  the 
liues  are  single  track. 

Swedish  State  Railways. — In  Jane,1888,Mr.  Storckenfeldt,  assist- 
ant chief  engineer  of  the  state  railways,  sent  me  some  information  in 
regard  to  experiments  made  on  a  small  scale  on  this  system  of  railways, 
and  notes  of  these  experiments  were  presented  at  the  International 
Railway  Congress  held  at  Milan  in  1887.  Up  to  July,  1887,  the  trials 
had  been  in  progress  for  eleven  months.  The  ties  are  of  the  "  Berg- 
and  Mark"  type.  They  are  placed  for  a  length  of  2,645.6  feet  near  the 
station  at  Akarjn;  they  are  on  a  tangent,  with  a  grade  of  1  in  147; 
part  of  the  track  is  in  a  cutting  and  the  remainder  is  on  embankment. 
The  traffic  averages  twenty  freight  and  passenger  trains  per  day;  of 
these,  four  are  freight  trains  with  an  av^erage  of  forty  cars,  weighing 
610  tons  loaded,  and  sixteen  are  mixed  and  passenger  trains  with  an 
average  of  fourteen  cars,  weighing  261  tons  loaded.  The  speed  varies 
from  30  to  34  miles  per  hour  for  express  trains,  30  miles  per  hour  for 
mixed  trains,  and  25  miles  per  hour  for  freight  trains.  The  weight  of 
locomotive  and  tender  is  about  43  tons. 

The  ties  are  of  iron,  of  the  original  *'  Berg-and-Mark"  type  (see  Plate 
No.  i2)o  They  are  7.54  feet  long,  5.2  inches  wide  on  top,  9.2  inches 
wide  on  the  bottom,  and  2.4  inclies  deep,  ^\\t\\  the  sides  vertical  for  1 
inch  from  the  bottom.     The  thickness  of  the  sides  is  from  .24  inch  at  the 
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bottom  to  .28  iucli  at  the  top  ;  the  top  tabids  .36  inch  thick,  with  a  rib  iu 
the  middle  ou  the  underside  increasing  ihe  thickness  to  .52  inch  for  a 
width  of  1.44  inches.  They  are  of  uniform  section  throughout  their 
length.  The  middle  part  is  horizontal  for  a  length  of  3.28  feet,  and  the 
ends  are  bent  up  at  an  angle  of  1  in  20.  The  ends  are  closed  by  bend- 
ing down  the  top  table.  At  each  rail  seat  there  are  two  holes  1.72  by 
.84  inch,  and  3.42  inches  apart  in  the  clear.  The  tie  itself  weighs  95.91 
pounds,  the  attachments  2.01  pounds,  and  the  bolts,  nuts,  and  washer 
2.08  pounds,  making  a  total  weight  of  101.20  pounds  per  tie.  They 
were  manufactured  by  the  Union  Iron  and  Steel  Company,  of  Dort- 
mund, Germany.  The  rails  are  of  steel,  of  flange  section,  and  the 
fastenings  are  bolted  clamps  ou  the  Rupi)el  plan  (see  Plate  ^o.  13). 
The  ballast  is  of  poor  quality,  being  composed  of  a  mechanical  mixt- 
ure; 30  per  cent,  of  broken  stone,  27  per  cent,  of  gravel,  38  per  cent, 
of  coarse  sand,  and  5  per  cent,  of  fine  sand,  clay,  and  particles  of  soil. 
The  ballast  is  poor  even  from  a  niineralogical  point  of  view  as  it  con- 
tains among  other  kinds  of  disintegrated  rock  8  to  9  i:)er  cent,  of  burned 
limestone,  or  the  refuse  from  the  lime  kilns. 

The  metal  ties  were  laid  as  an  experiment  to  test  their  advantages 
under  the  conditions  prevailing  in  this  countr3\  The  cost  of  track  lay- 
ing and  of  maintenance  were  about  the  same  as  with  wooden  ties.  In 
regard  to  the  durability  of  the  tie  and  the  fastenings  it  was  stated  that 
the  fastenings  of  the  rails  to  the  ties  had  remained  in  good  condition. 
This  track  does  not  appear  to  have  a  bad  effect  upon  the  rolling  stock ; 
the  elasticity  of  the  track  is  good,  and  no  complaints  have  been  made 
by  passengers  as  to  any  discomforts  in  traveling  over  it.  While  the 
trials,  up  to  July,  1887,  had  been  satisfactory,  the  following  recom- 
mendations were  made :  The  ties  should  be  a  little  longer  and  deeper, 
as  it  has  been  found  that  they  do  not  offer  sufficient  stability,  and  the 
track  has  to  be  put  in  condition  as  to  line  and  surface  several  times.  ! 
No  relations  were  established  between  the  price  of  wooden  and  metal 
ties,  on  account  of  the  short  time  since  the  latter  had  been  put  in. 

r>E:NrMARK. 

General  Remarks. — In  this  country  there  are  996.34  miles  of  railway 
owned  by  the  state  and  250.40  miles  owned  by  private  companies ;  they 
are  all  of  standard  gauge  and  all  single  track  with  the  exception  of 
27.9  miles.  The  rails  are  of  steel,  of  flange  section;  on  the  main  lines 
the  weight  is  02.88  pounds  per  yard,  but  on  secondary  lines  it  is  only  44.87 
pounds,  and  on  one  line  it  is  only  35  pounds  per  yard.  \  '^lai 

Danish  State  Railways. — April,  1888,  I  received  a  communica 
tion  from  the  general  director  of  state  railways  in  regard  to  experiments ■^eep 
made  with  metal  ties.  On  the  line  from  Tommerup  to  Assens  (islandljravel 
of  Fiona  or  Funen)  there  is  a  length  of  18  1  miles  laid  with  cross-ties  of  J  % 
Martin  mild  steel.     The  ties  were  laid  in  1883-'84,  uuder  the  supervision 
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of  Mr.  O.  Hoyer,  eugiiieer.  On  this  division  34.73  per  cent,  of  the 
length  is  level,  4.95  per  cent,  has  grades  of  I  in  1,000  to  1  in  200,  and 
00.32  per  cent,  has  grades  of  1  in  200  to  1  in  100.  As  to  curves,  73.54 
per  cent,  of  the  length  of  the  division  is  straight,  24.10  per  cent,  on 
curves  of  more  than  1,640  feet  radius,  and  2.27  per  cent,  on  curves  of 
1,040  feet  radius  and  less.  The  traffic  consists  of  eight  trains  daily 
(passenger  and  freight).  The  locomotives  weigh  17.9  tons  each,  with 
9  tons  on  the  driving  wheels. 

The  ties  are  of  inverted  trough  section  ;  they  are  7.2  feet  long,  3.2 
inches  wide  on  top,  7.2  inches  wide  on  the  bottom,  and  2.4  inches  deep, 
with  the  sides  vertical  for  .8  inch  from  the  bottom.  The  thickness  of 
the  sides  and  top  is  .24  inch,  with  a  rib  1.6  inches  wide  on  the  under 
side  of  the  top  table,  increasing  the  thickness  to  .32  inch.  Each  end  is 
closed  by  a  riveted  angle  piece,  and  two  cross  pieces  are  riveted  inside 
at  about  one-third  of  the  length  from  each  end.  The  section  is  uniform 
throughout.  The  ties  are  horizontal  at  the  middle  for  4.26  feet,  then 
inclined  up  at  an  angle  of  1  in  20  for  8  inches  at  the  rail-seat,  and  then 
again  horizontal  for  10  inches  to  the  end.  At  each  rail  seat  there  are 
two  rectangular  holes  1.56  by  .84  inch,  and  3.22  inches  apart  in  the 
clear. 

The  fastenings  are  of  the  Euppel  plan  (see  Plate  No.  13) ;  they  con- 
sist of  two  clamps  holding  the  sides  of  the  rail  flange,  and  having  a  lug 
fitting  into  the  hole  in  the  tie.  A  bolt  .76  inch  in  diameter  passes  up 
through  the  tie  and  clamp  and  the  nut  is  screwed  down  on  the  clamp. 
The  bolt  has  a  tee-head  .76  by  1.4  inches,  inside  the  tiej  the  part  in  the 
bole  in  the  ties  is  of  circular  section,  but  the  part  in  the  hole  in 
the  clamp  is  rectangular,  .76  by  .96  inch.  The  clamps  are  2.4 
inches  long  and  their  bolt  holes  are  .82  by  1.04  inches.  The  adjustment 
of  gauge  at  curves  is  effected  by  the  use  of  clamps  of  different  sizes. 
The  ties  are  manufactured  by  the  Union  Steel  and  Iron  Company,  of 
Dortmund,  Germany;  they  weigh  53.28  pounds  each  and  cost  $38  per 
2,200  pounds.  They  are  tarred  at  the  works.  The  experience  has 
been  insufficient  for  information  to  be  given  in  regard  to  durability, 
cost  of  maintenance,  and  efficiency  as  compared  with  wooden  ties.  The 
rails  are  of  flange  section,  3.8  inches  high  with  a  head  2.16  inches  wide 
and  a  flange  3.42  inches  wide;  the  weight  is  45  pounds  per  yard.  They 
are  21  feet  long  and  there  are  8  ties  to  a  rail  length,  spaced  18.4  inches 
apart,  center  to  center  at  the  joints  with  the  next  ties  32.52  inches  and 
the  intermediate  ties  34.52  inches  apart.  The  rail  joints  are  square, 
suspended,  and  fastened  by  angle  splice  bars.  The  width  at  subgrade 
is  15.41  feet;  width  over  bottom  of  ballast-bed,  13.45  feet;  the  ballast 
is  8.4  inches  deep  under  the  ties;  at  the  middle  and  ends  it  is  3.2  inches 
deep  over  the  ties,  sloping  down  to  the  rail  flanges.  The  ballast  is  of 
gravel. 

These  metal  ties  were  adopted  for  experiment,  and  the  general  re- 
sults have  not  been  quite  satisfactory.    There  was  trouble  with  the 
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maintenance,  frequent  lifting  of  the  track  being  necessary.  Breakages 
were  rare  and  occurred  generally  at  the  hole  for  the  outer  bolt  and 
clamp.  The  weight  and  strength  of  the  tie  were  reported  to  be  iusufiQ- 
cient.  When  the  gravel  bed  under  the  ties  is  frozen,  water  is  retained 
in  the  interior  of  the  ties,  and  during  the  passage  of  trains  water  and 
gravel  spurt  through  the  holes  jn  the  ties  and  cover  the  rails  and  wheels. 
The  wooden  ties  used  are  of  Pomeranian  fir  (pine),  costing  86.30  to 
$6.97  per  cubic  meter  in  1868.  They  last  from  eight  to  ten  years.  The 
climate  is  about  the  same  as  in  Germany. 

RUSSIA. 

General  Remarks. — Metal  ties  have  been  tried  in  this  country  on 
a  very  small  scale.  In  May,  1888,  General  Possiet,  tben  minister  of 
ways  and  communications,  stated  that  they  had  only  been  used  to  w 
very  limited  extent  on  two  branch  roads;  these  were  the  Kursk-Kiev 
road  and  the  Donets  road,  and  even  there  they  had  not  been  sufficiently 
used  to  enable  him  to  give  any  conclusions  respecting  them. 

Mr.  Hugh  Garble,  chief  engineer  of  the  Dunaberg-Witepsk  Railwa:v-, 
stated  in  February,  1888,  that  good  red  pine  ties,  9  feet  by  10  inches 
by  6  inches,  would  be  obtained  at  about  40  cents  each.  A  difficulty 
which  would  be  met  with  in  the  part  ol  Russia  traversed  by  this  railwjiy 
in  using  metal  ties  would  be  in  rei>airing  the  track  for  frost  blisters  in 
winter,  which  is  usually  done  by  inserting  wooden  wedges  or  packing 
between  the  rail  and  tie  ("shimming,"  as  it  is  termed  in  American  rail- 
way track- work),  the  wedges  being  spiked  to  the  ties  to  prevent  them 
from  moving. 

Moscow- Kursk  Railway. — Some  metal  ties  were  laid  on  this  line, 
but  were  taken  up  again,  as  they  proved  too  expensive  in  maintenance, 
so  it  is  said  5  their  maintenance  being  more  expensive  than  that  of 
wooden  ties.  In  the  spring  and  fall  seasons  especially  the  cost  of  sur- 
facing was  found  to  be  much  higher  than  with  wooden  ties.  The  cost 
of  iron  being  greater  and  that  of  wood  being  less  in  Russia  than  in 
some  other  European  countries,  it  was  claimed  that  at  the  prices  of 
material  in  1888  the  iron  ties  cost  one  and  a  half  times  as  much  as  oak 
ties  not  treated,  and  two  and  a  half  times  as  much  as  pine  ties  treated 
with  chloride  of  zinc.  The  basis  of  comparison  was  a  life  of  thirty-five 
years  for  iron  ties  weighing  112  pounds,  and  a  life  of  ten  years  for 
treated  and  six  years  for  untreated  wooden  ties.  Conditions  in  Russia, 
however,  are  exceptional  as  regards  material  and  labor. 

TURKEY. 

Eastern  Railways. — The  following  particulars  were  presented  by 
Mr.  Kowalski  at  the  International  Railway  Congress,  held  at  Milan, 
Italy,  in  1887  : 

The  track  laid  with  metal  ties  comprised  6L38  miles  on  which  the  ties  were  adopted 
for  regular  service,  and  9  3  miles  on  which  the  ties  were  laid  for  experiment.  The 
tiea  were  of  mild  steel,  and  were  of  two  types,  viz,  the  original  "  Vautheriu  "  type, 
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with  borizoutal  flanges  on  the  lower  edges,  aud  the  original  ''  Berg-aud-Mark"  type 
(see  plate  No.  12).  They  were  7.22  feet  long  ;  the  ends  were  closed  by  riveted  pieces 
or  by  the  bending  of  the  top  table  of  the  tie,  and  the  rail  fastenings  consisted  of 
bolted  clamps.  The  weight  of  fastenings  for  each  tie  was  3.3  pounds  for  the  four 
clamps,  aud  3.3  ])onnds  for  the  four  bolts.  The  '*  Vautherin  "  ties  weighed  77  pounds 
e.ich,  and  the  "  Berg-aud-Mark  "  ties  83.6  pounds  each,  exclusive  of  fastenings.  The 
ties  are  placed  in  cuttings  and  on  embankments,  ou  different  kinds  of  ground  and  on 
grades  as  steep  as  1.5  per  cent.  On  47.74  miles  of  the  line  between  Kutchuk-Tchek- 
niedje  aud  Kouleli-Bourgas,  they  have  been  laid  on  curves  of  1,9G8  feet  radius  and 
ou  tangents  connecting  two  curves;  on  the  remaining  22.94  miles  they  were  laid  on 
tangents  and  on  curves  of  diifereut  radius.  These  lines  have  a  light  traffic,  averag- 
ing for  both  directions  one  to  four  mixed  or  loaded  freight  trains  per  day.  The  sub- 
urban line  from  Constantinople  to  Kutchuck-Tchekmedje  is  an  exception,  having 
nearly  thirty  trains  per  day  in  both  directions.  The  maximum  speed  allowed  is  26 
miles  per  hour.  The  locomotives  have  three  axles  aud  weigh  36  tons.  The  track  is 
laid  with  steel  rails  weighing  41.16  miles  per  yard,  having  the  ties  spaced  32  inches, 
center  to  center,  aud  iron  rails  weighing  68.5  pounds  per  yard,  having  the  ties  spaced 
3.28  feet,  center  to  center.  The  ballast  is  of  different  materials,  from  fine  sand  to 
broken  stone  ;  the  use  of  metal  ties  has  shown  the  necessity  of  replacing  the  line  bal- 
last, or  at  least  mixing  it  with  a  coarse  ballast. 

The  experiments  date  from  1879,  when  the  first  600  ties  were  laid ;  since  then  ties 
have  been  laid  as  follows  : 


Type. 

Tear. 

Ties. 

Vautberin 

1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 

No. 
13  300 

Do 

7,800 
6,  700 
13  400 

Do                     .           .                          .       . 

Bera"-and-Mark    

''  Do 

31  400 

Do                                                 .... 

31  000 

Do 

10  500 

Do 

9  300 

With  fine  ballast,  the  maintenance  expenses  are  higher  than  those  -with  wooden 
ties  ;  but  with  coarse  ballast  the  maintenance  expenses  of  tracks  on  metal  and  wooden 
ties  are  about  equal  (allowance  being  made  for  the  expense  of  renewing  wooden  ties). 
The  trials  with  fine  ballast  have  also  been  unsatisfactory,  because  with  a  spacing  of 
3.28  feet  between  the  ties  the  resistance  to  lateral  motion  is  too  little  unless  good  bal- 
last is  used,  preferably  broken  stone.  No  wear  of  the  body  of  the  tie  had  been  ob- 
served, so  that  no  limit  of  the  life  of  the  tie  could  be  determined.  With  a  good  seat 
for  the  rails  the  tracks  with  wooden  or  metal  ties  present  the  same  advantages  as  to 
the  preservation  of  the  rolling-stock,  the  elasticity  of  the  track  and  the  comfort  of 
the  passengers. 

The  company  reported  that  the  intention  was  to  continue  the  use  of  the  '^  Berg-and- 
Mark  "  type  of  ties,  if  the  price  could  be  made  suitable.  They  were  not  able  to  estab- 
lish a  relation  between  the  prices  of  wooden  and  metal  ties  to  enable  them  to  decide 
that  the  use  of  the  latter  was  more  advantageous.  They  were  of  the  opinii.n,  how- 
ever, that  the  use  of  metal  ties  was  not  an  advantage  when  the  net  cost  was  double 
the  cost  of  wooden  ties ;  bat,  on  the  other  hand,  they  considered  it  to  be  an  advantage 
to  use  metal  ties  when  the  price  was  only  one  and  a  half  times  that  of  wooden  ties. 
For  the  comparative  calculations  respecting  the  two  forms  of  track,  they  took  pine 
or  beech  ties,  treated  with  chloride  of  zinc,  and  each  provided  with  two  tie-plates; 
they  only  counted  the  value  of  one  of  these  plates,  however,  because  they  last  much 
longer  than  the  wooden  ties. 
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SUMMARY  OF  METAL  TKACK  FOR  SECTION  NO.  1. 


Countries. 


England 


France. 


flolland. 
Belgium 


Germany 

Austria  and  Hungary 

Switzerland 

Spain 

Portugal 

Italy 

Sweden  and  Norway. 
Denmark 


Bowls. 


Miles. 


Longi- 
tudinals. 


251.  C8 


Miles. 


Cross-ties.  I      Total. 


MiUn. 


5,224.12 
GO.  5G 


.50 
18.10 


Miles. 


70.00 

70.00 

52.12 

52.12 

321.36 

329.42 

115.50 

115.  50 

,  502.  52 

8,  786.  64 

50.50 

122.  93 

303.  9-! 

397.40 

7.10 

258.  78 

.02 

.02 

.50 
18.10 


Turkey 

Total 


70.03  70.68 


251.  68         5,  298.  H9  i      4,  578.  25  ,      10,  222.  09 


Section  2.— AFRICA. 


EGYPT. 


General  Eemarks. — lu  this  part  of  Africa  metal  track  has  been 
in  service  since  1854.  The  type  of  track  generally  used  consists  of  ties 
made  of  a  pair  of  cast-iron  bowls  connected  by  a  transverse  tie-rod. 
This  form  of  tie  was  originally  used  for  a  railway  line  in  Egypt;  the 
greater  part  of  its  length  was  through  the  desert,  and  it  answered  very 
well,  as  the  fine  loose  sand  made  a  ballast  especially  adapted  for  this 
type  of  tie.  Now,  howev-er,  this  track  is  unfavorably  considered  by 
the  consulting  engineer  of  the  railway  administration,  as  noted  in  the 
following  paragraph.  It  has  been  generally  understood,  however,  that 
wooden  ties  were  not  suitable  for  the  climatic  and  other  conditions 
existing  in  Egypt,  being  destroyed  rapidly  by  the  heat,  by  insects,  and 
by  other  influences. 

EaYPTiAN  Railways.— Through  the  courtesy  of  Mr.  George  H. 
Wright,  of  London,  engineer  for  the  railway  administration,  I  am  en- 
abled to  give  the  following  details  of  the  track,  from  a  statement  pre- 
pared from  notes  taken  in  1887.  Mr.  Wright,  in  a  communication 
received  in  August,  1889,  stated  that  wooden  ties  only  are  now  imported 
into  Egypt ;  in  his  opinion  they  are  much  to  be  preferred  to  the  iron 
bowl  ties,  as  they  make  a  better  road  and  cost  less  to  maintain.  He 
stated,  however,  that  the  steel  plate  ties  (presumably  of  the  type  used 
on  the  Indian  state  railways)  would  probably  prove  better  than  either 
the  wooden  or  bowl  ties. 


Track  of  Egyptian  Eailways. 


Lines. 

<u 

a 

a. 
O 

i 

^ 

"^ 

Track. 

Notes  of  1887. 

Rails. 

Ties. 

mgtrictN'ol. 
Cairo  to  Tanta 

1856 

1855 

1801 

1866 
1865 
1859 
1801 
1865 
1876 

1876 

531 

104 
25i 

6; 

D.H. 

D.H. 

D.H. 

D.H. 
D.  H. 
D.H. 
D.H. 
D.  n. 
D,  H, 
D.  H. 
D  H. 
F. 

Bowls 

....do 

....do 

....do 

....do  

....do 

..  do 

....do 

...do 

...do  .... 

Vautherin 

Wood 

Tanta  to  Kafr-Zayat 

15|  miles, steel  rails,  new  bowls, 
laid  in  1887. 
Steel  rails  on  new  bowls,  laid  in 

1885. 
Kails    iron,  worn,    ties    fair  con- 

dition. 
Do. 

Benha  to  Tanta      

Do. 

Tanta  to  Kafr-Zayat 

Steel  rails  and  bowl«,  laid  in  1886. 
Iron  rails,  and  ties  in  good  order. 

Bairao'e  Branch 

Do. 

Cairo  to  Heloan  Junction 

Iron  rails  some  wooden  ties. 

Do. 
Some  ties  in  bad  condition. 
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Track  of  Egyptian  Bailways — Continued. 


Lines. 


District  No.  2. 
Kafr-Za.v  at  to  Millaha 

Kafi-Z;ivat  to  ]Millaha,  second 
track 

Millalia  to  Sidi-Gabir 

Sidi-Gabir  to  A^exanclria 

Sidi-Gabir  to  Alexandria,  sec- 
ond track. 
Millaba  to  Gabbay 

Millaba  to  Gabbay,  second  track 

Gabbay  to  Mex 

Eosetta  Line 

District  No.  3. 

Tantato  Cbeibinol-Com 

Tanta  lo  Meljallet-Roli 

TantatoMeballet,  second  track 


Meballet-Rob  to  Samanoud  ... 


Samanoud  to  Damietta. 


Zifteb  Branch. 

Dessoub  Branch 

Kafr-Sheik  Branch. 


District  No.  4, 

Benha  to  Za^azig 

Benha  to  Zagazig,  second  track 


Zagazig  to  Suez  and  docks. 

Callioub  to  Zagazig 

Zagazig  to  Mansonrah 


Salhiel  Braucli 

District  No.  5. 

Tchad-el-Baroud    to     Boulak- 
Dakrour. 


Track. 


Rails. 


Ties. 


Xotea  of 


1854 
1855 


1876 

1876 
1876 


1854  I 

1855  j 
1802     ( 
1S75  '  S 


Boulak-Dakronr  to  Wasta 


"Wasta  to  Fay  on  m . . . 
Fayouin  to  Abouxa . 


District  No.  6. 


"Wasta  to  Minieh.. 
Minieh  toMillaui  . 

Millaui  to  Assiout 


1876 


1860 
1857 


1856 


1869 

1865 
1865 
1875 


1860 
1870 

1868 

1865 
1865 

1869 


1872 


1868 
1869 
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Egyptian  Agricultural  Eailways.— A  type  of  metal  track  used 
on  these  Hues  consisted  of  ties  uiade  of  a  pair  of  wrought  irou  plates 
couuected  by  tie-bars.  (See  plate  No.  17.)  The  plates  were  rectangular 
in  sliai)e,  18  inches  long,  about  15.J  inches  wide,  and  seven  thirty-sec- 
onds of  an  inch  thick.  When  bent  to  shape  each  plate  is  flat  for  its 
whole  length  and  for  a  width  of  about  5J  inches ;  the  sides  are  bent 
down,  flaring  out  to  a  width  of  13  inches  over  all  at  the  bottom,  and  the 
corners  are  bent  in  to  a  width  of  10^  inches  over  all.  The  depth  is  then 
about  2J  inches.  Each  pair  of  plates  is  connected  by  a  transverse  tie- 
bar,  6  feet  2  inches  long,  IJ  inches  deep,  and  three-eighths  inch  thick, 
l>laced  on  edge ;  it  is  secured  by  a  key  or  cotter  on  the  inner  and  outer 
side  of  each  plate.  The  keys  are  6  inches  long,  IJ  inches  wide  at  the 
ends,  1.^  inches  wide  at  the  middle,  and  three-eighths  inch  thick ;  the 
edge  bearing  against  the  plate  is  beveled  to  the  same  slope  as  the  mde 
of  the  plate.  The  holes  in  the  tie  bar  are  If  inches  long  by  three- 
eighths  inch  deep.  The  hole  in  the  outer  side  of  each  plate  is  slightly 
lower  thau  the  hole  in  the  inner  side,  so  that  the  top  of  the  plate  is  in- 
clined and  gives  the  rail  the  usual  inward  inclination.  The  track  is  4 
feet  8^  inches  gauge.  The  joint-ties  are  spaced  2  feet  4  inches  apart, 
center  to  center  of  tie  bars,  and  the  intermediate  ties  are  spaced  3  feet 
11  inches  apart.  The  rails  are  of  flange  section,  weighing  42  pounds 
per  yard;  they  are  3^  inches  high,  with  a  flange  3^  inches  wide  and  a 
head  2  inches  wide.  The  joints  are  suspended,  and  are  spliced  by  a  pair 
of  straight,  flat  splice-bars  15  inches  long,  weighing  9.60  pounds  per 
pair;  there  are  four  bolts  three-fourths  in(jh  diameter,  and  the  weight 
of  the  nuts  and  bolts  is  3.24  pounds  per  set.  The  rail-fastenings  consist 
of  three  clips;  on  the  outer  side  there  are  two  clips  3  inches  long,  each 
fastened  by  a  rivet  eleven-sixteenths  inch  diameter;  on  the  inner  side 
is  a  similar  clip,  secured  by  a  bolt  three  fourths  inch  diameter,  with  a 
_L  head  on  the  under  side  of  the  plate.  The  weight  of  each  tie  complete 
is  60  pounds.    The  average  weight  of  the  track  per  yard  is  140  pounds. 

The  following  is  the  weight  of  material  per  mile  of  single  track  : 

Tons.  Lbs. 

Rails 66     

Ties ^ 47  320 

Splice  plates  and  bolts  with  rails: 

24  feet  long 2  1,170 

21  feet  long 2  1,976 

ISfeet  long 8  812 

SuAKiN  Railway  —During  the  English  campaign  in  Egypt  in  1885, 
a  short  section  of  light  railway  was  laid  near  Suakin  for  military  pur- 
poses. According  to  information  received  from  the  war  office,  the 
track  was  of  the  type  manufactured  by  John  Fowler  &  Co.,  of  Leeds, 
England,  for  portable  and  light  railways.  The  line  had  a  gauge  of 
18  inches.  The  ties  were  of  steel,  3  feet  9  inches  long,  of  shallow  in- 
verted chaunel  section,  with  a  deep  groove  or  corrugation  lengthwise 
of  the  middle  of  the  tie.     At  each  end  of  the  tie  were  two  brackets, 
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each  secured  by  two  rivets  ;  the  outer  pieces  were  augle  irons,  with  the 
upright  web  inclined  toward  the  rails;  the  inner  pieces  were  made  to 
fit  the  web  and  tlange  of  tlie  rail.  The  ties  weighed  35  pounds  each, 
complete.  The  rails  were  of  tiange  section,  weighing  24  pounds  \)vr 
yard,  and  were  secured  by  oak  keys  or  wedges  driven  between  the  web 
of  the  rail  and  the  outer  angle  bracket.  A  number  of  these  ties  wore 
laid,  bur  the  line  was  takeu  up  at  the  end  of  tiie  campaign,  and  the 
time  during  which  they  were  in  service  was  too  short  for  any  opinion 
to  be  formed  as  to  their  durability. 

ALGERIA. 

Algerian  Railways  {Par is ^  Lyons  and  Mediterranean  Raihcay). — 
The  Paris,  Lyons  aud  Mediterranean  Eai!  way,  of  France,  which  has  not 
had  success  with  metal  ties  on  its  home  lines  (see  "France")  has  used 
them  with  yevj  satisfactory  results  on  the  Algerian  lines  which  it  owns. 
These  lines  are  from  Oran  to  Algiers,  264.12  miles;  and  from  Philli[) 
ville  to  Constantine,  53.94  miles.  The  conditions,  however,  are  bv  no 
means  the  same;  the  burning  climate  of  Africa  causes  the  very  rapid 
destruction  of  wooden  ties,  while  the  metal  ties  stand  very  well  under 
the  comparatively  light  traffic,  and  effect  a  decided  economy  over 
wooden  ties  by  their  greater  durability. 

During  1867,  1868,  and  1869  between  90,000  and  100,000  (reported  as 
93,762)  iron  ties  of  the  original  "Yautherin  "  type,  with  short  flanges  on 
the  lower  edges,  were  rolled  at  the  Fraisant  Works  in  France,  and  were 
laid  on  the  Algiers  and  Oran  line.  They  were  7.87  feet  long,  5.2  inches 
and  3.2  inches  wide  on  top  for  joint  and  intermediate  ties  respectively  ; 
about  7.2  inches  wide  inside  at  the  bottom,  aud  10.4  inches  wide  over 
the  flanges,  which  were  1.4  inches  wide  and  .32  inch  thick;  the  sides 
and  top  table  were. 18  inch  and  .28  inch  thick  respectively.  The  ends 
of  the  tie  were  open.  The  weight  was  about  77  pounds.  The  rails 
rested  on  tie  plates  which  gave  them  the  required  inward  inclination 
of  1  in  20,  and  were  secured  by  a  gib  and  cotter  fastening;  there  was  a 
gib  holding  each  side  of  the  rail  flange  with  a  cotter  driven  vertically 
at  the  back  of  the  inner  gib;  the  fastenings  passed  through  the  tie 
idate  and  tie.  The  number  of  renewals  in  seventeen  years  was  3,200, 
caused  principally  by  cracks  due  to  bad  metal  or  improper  tamping. 
The  cracks  were  generally  in  the  angles,  and  went  from  the  ends 
toward  the  rail  seats.  There  was  no  trouble  from  rust,  and  the  expe- 
rience of  these  seventeen  years  was  favorable  to  the  metal  track.  The 
metal  was  of  inferior  quality,  and  the  attachments  of  the  rails  were  de- 
fective. In  1885  there  were  still  91,000  of  these  ties  in  service.  The 
average  age  of  the  ties  in  1885  was  17  years,  and  the  total  of  renewals 
during  that  period  was  3.^  per  cent.,  while  the  renewals  of  wooden  ties 
are  about  10  to  12  per  cent,  per  annum.  Owing  to  this  diiference  the 
iron  ties  had  repaid  the  extra  cost  of  establishment  incurred  by  their 
use  (princi[)al  and  interest)  in  the  flfth  year,  and  the  remainder  of  their 
service  was  a  net  gain  in  maintenance.     From  their  state  of  preserva- 
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tioii  in  1885  it  was  estimated  that  they  would  give  twenty-five  years  of 
service.  From  this  trial  it  was  concluded  that  metal  ties  beliaved  well 
in  tlie  ballast,  thattbey  do  not  rust  or  fail,  and  that  the  few  renewals 
are  due  to  defects  in  the  ties  or  track,  and  not  to  a  short  average  life  of 
the  ties.  They  cost  less  for  maintenance,  but  up  to  the  third  year  it  is 
necessary  to  tamp  the  ballast  and  inspect  the  fastenings  frequently ; 
after  that  the  attention  is  not  required. 

In  1885,  20,000  steel  ties  of  the  "Hilf"  or  original  ^' Berg-and-Mark  " 
type  were  laid.  (See  plate  No.  ]  7).  They  were  manufactured  in  France 
by  the  Societe  de  Denain  et  d'Anzin.  These  ties  are  7.5  feet  long,  of  uni- 
form section  throughout;  4.4:  inches  wide  on  top,  8.4  inches  wide  on  the 
bottom,  2.4  inches  deep,  with  the  sides  vertical  for  1  inch  from  the  bot- 
tom; the  sides  are  .28  inch  thick;  the  top  table  is  .32  inch  thick,  with 
a  rib  on  the  underside  1.44  inches  wide,  making  the  thickness  .52  inch- 
The  weight  is  85  pounds,  or  96.8  pounds  including  the  fastenings.  The 
tie  is  horizontal  for  3  feet  3|  inches  at  the  middle,  and  is  inclined  up- 
wards at  an  angle  of  1  in  20  to  the  ends,  which  are  closed  by  bending 
down  the  top  table  to  a  depth  of  4  inches.  The  rails  are  of  flange 
section  and  rest  directly  on  the  tie.  Gib  and  cotter  fastenings  are  used, 
but  a  third  gib  ("guard-gib")  is  now  used,  to  increase  the  bearing  area 
at  the  back  of  the  cotter.  The  holes  at  each  rail  seat  are  1.36  inches 
and  2.48  inches  long,  spaced  3.48  inches  apart  in  the  clear.  In  May, 
1887,  35,000  ties  of  the  "  Vautherin  "  type  were  ordered,  and  in  Feb- 
ruary, 1888,  60,000  steel  ties  were  being  laid. 

Mr.  Mazieres,  the  engineer,  made  a  report  to  Mr.  Bricka  in  1884, 
stating  that  in  spite  of  defects  in  the  earlier  ties  the  general  results  of 
the  track  had  been  satisfactory.  On  the  Algiers  and  Oran  line  not  a 
single  derailment  had  occurred. 

The  following  information  was  presented  at  the  International  Eail- 
way  Congress  at  Milan,  Italy,  in  1887,  by  Mr.  Kowalski: 

There  were  08.82  miles  of  metal  track  in  service,  iucluding  91,000  iron  ties  of  the 
Vautherin  type  and  20,000  steel  ties  of  the  Hilf  type.  The  fastenings  were  of  iron, 
weighing  5.28  pounds  per  tie  for  the  former  and  5.46  pounds  per  tie  for  the  latter, 
making  a  total  weight  per  tie  of  82.28  pounds  and  100.98  pounds  respectively.  The 
line  was  principally  on  low  embankments  ;  there  were  curves  of  1,640  feet  radius  and 
upwards,  long  tangents,  and  grades  of  2  per  cent.  The  traffic  consisted  of  passenger 
and  freight  trains  running  at  various  speeds;  54,000  trains  had  passed  over  the  Vau- 
therin ties  ;  the  speeds  varied  from  18.60  to  34  miles  per  hour.  The  engines  weighed 
from  30  to  35  tons.  The  rails  were  of  flange  section,  of  iron,  weighing  72.4  pounds 
])('r  yard  for  the  Vautherin  ties,  and  of  steel,  weighing  68.8  pounds  per  yard  for  the 
Hilf  ties.  The  ballast  was  of  river  sand  mixed  with  sand  and  clay  of  poor  quality. 
The  steel  tie  cost  about  60  cents  more  than  the  wooden  tie.  but  effected  an  economy 
of  20  cents  in  the  ballast,  a  smaller  amount  being  required.  When  the  track  is  well 
f^ettled  the  work  of  maintenance  is  about  a  fourth  less  than  with  wooden  ties.  The 
life  of  the  steel  tie  was  estimated  at  treble  that  of  wooden  ties,  but  this  could  not  be 
considered  as  determined.  The  life  of  fastenings  was  about  the  same  for  metal  as  for 
wooden  ties.  As  to  the  elasticity  of  the  track,  the  comfort  of  passengers,  and  the 
effect  on  the  rolling  stock,  these  were  the  same  as  with  wooden  ties.  The  results 
had  been  satisfactory  and  it  was  intended  to  extend  the  use  of  the  Hilf  steel  ties. 
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BoxE  AXD  GUELMA  Kailway.— In  1885  tbis  road  had  bad  iu  serv- 
ice for  more  tbau  tvro  years  3,500  cross  ties  of  the  Severac  type  (see 
Belgium),  and  2,500  ties  of  tbe  Boyenval  Ponsard  type  (see  France). 

ABYSSIXIA. 

Massana  a^d  Sahati  Eailway.— In  May,  1889,  tbe  state  inspector 
general  of  railways  of  the  Italian  Government  furnished  a  detailed 
statement  in  regard  to  tbis  line,  which  was  built  by  that  Government 
for  military  purposes,  but  which  has  been  in  operation  for  too  short  a 
time  to  enable  any  conclusions  to  be  drawn  as  to  tbe  durability  of  the 
track.  The  line  is  14.26  miles  long,  of  3.12  feet  gauge,  with  a  maximum 
grade  of  2.3  per  cent,  and  sharpest  curves  of  328  feet  radius.  It  is  a 
military  line,  with  a  traffic  of  water,  supplies,  and  troops.  The  track 
was  laid  in  March,  1888,  under  tbe  supervision  of  Mr.  Yernan.  The 
engines  weigh  from  20  to  30  tons.  They  have  four  driving  wheels, 
with  a  weight  of  about  5  tons  in  each  wheel.  The  ties  are  of  steel,  of 
the  Vautberin  type,  but  without  flanges  on  the  lower  edges,  the  sides 
being  nearly  vertical  for  .40  inch  from  the  bottom.  They  are  4.92  ftet 
long,  3.6  inches  wide  on  top,  7.2  inches  wide  at  tbe  bottom,  and  2.4 
inches  deep.  The  sides  and  top  are  about  .25  inch  thick,  but  a 
rib  on  the  under  side  of  the  top  table  increases  the  thickness  to  .32  inch 
for  a  width  of  1.44  inches.  Tbe  ends  are  closed  by  bending  down  the 
top  table.  The  tie  is  horizontal,  but  at  tbe  rail  seats  tbe  top  table  is 
inclined  1  in  20,  to  give  tbe  rails  the  usual  inward  inclination.  It  is 
bent  on  the  Hoscb-Licbthammer  plan  (see  Holland),  the  outer  part  of 
the  rail  seat  sloping  back  to  the  normal  level  of  tbe  tie.  The  ties 
weigh  39.6  pounds  each.  Tbey  are  not  painted  or  otherwise  treated 
for  protection  against  rust,  etc.  They  were  manufactured  by  Tardy 
&  Benech,  of  Savon  a,  and  the  prices  were  $35  per  ton  for  ties,  856 
per  ton  for  clamps,  $76  per  ton  for  bolts  and  nuts,  all  delivered  at  Na- 
ples. In  the  track  tbe  ties  are  spaced  32.8  inches  apart,  center  to  cen- 
ter. Tbe  rail  attacbments  are  of  tbe  Ruppel  type  (see  Germany),  con- 
sisting of  _L-headed  bolts  .04  inch  diameter,  with  clamps  2  inches  wide, 
one  side  of  which  holds  tbe  rail  flange  and  the  other  bears  on  the  tie, 
having  a  lug  which  fits  into  the  bolt-hole  in  the  tie.  Adjustment  of 
gauge  is  effected  by  the  use  of  clamps  with  different  widths  of  pro- 
jection of  the  lugs.  Two  sizes  of  clamps  are  used  at  each  rail,  and  tbe 
gauge  on  tangents  and  easy  curves  is  3.12  feet.  By  transposing  the 
two  clamps  of  one  rail  tbe  gauge  is  widened  .24  inch  for  curves  of  984 
to  656  feet  radius,  and  by  transposing  tbe  two  clamps  of  both  rails  the 
gauge  is  widened  .48  inch  for  curves  of  656  to  460  feet  radius.  At 
each  rail  seat  are  two  boles  1.6  inches  long  by  .72  inch  wide,  spaced 
3.28  inches  apart  in  the  clear.  The  rails  are  of  flange  section,  4  inches 
high,  with  a  flange  3.2  inches  wide  and  a  bead  2  inches  wide.  Tbe 
weight  is  46.26  pounds  per  yard.  Tbe  joints  are  suspended  and  are 
spliced  by  plain  bars.     The  ballast  is  of  broken  stone  or  gravel  14 
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iiiclies  (le('[),  with  the  top  level  with  the  under  side  of  the  rail  heads 
Tiie  passage  of  the  first  traius  packs  the  ballast  well  into  the  ties.  The 
width  at  sub^rade,  for  siu^^le  track,  is  HAS  feet.  These  ties  were 
adopted  on  account  of  the  short  life  of  wooden  ties  in  the  tropical  cli- 
mate. The  *^eneral  results  have  been  satisfactory.  The  system  is  very 
simple,  the  track  is  easily  laid,  and  maintenance,  renewals,  alignment, 
etc.,  are  easily  effected.  For  surfacing,  whenever  depressions  occur  the 
track  can  readily  be  elevated  by  tami)ing  gravel  under  the  ties.  The 
gauge  also  is  always  accurately  maintained,  while  with  the  wooden 
ties  spreading  of  the  rails  occurs  on  curves  of  short  radius.  Wooden 
lies  would  have  cost  60  cents  each  at  Naples. 

SOUTH   AFRICA. 

^Portuguese  territory,) 

Delagoa  Bay  and  East  African  Railway. — This  line  runs  in- 
land from  the  port  of  Lourenco  Marques,  or  Delagoa  Bay,  to  the  bound- 
ary between  the  Portuguese  territor^^  and  the  Transvaal,  a  distance  of 
50.22  miles.  A  report  from  Mr.  Thomas  Rumball,  of  London,  the  con- 
sulting engineer,  in  April,  1889,  stated  that  42.16  miles  were  then  laid 
with  steel  cross-ties  and  the  remainder  with  wooden  ties;  the  reason 
for  this  was  that  the  manufacturers  could  not  keep  up  the  supply  of 
steel  ties,  and  as  the  contract  required  the  completion  of  the  road  within 
a  certain  time  wood  had  to  be  used.  An  extension  of  5.58  miles,  how- 
ever, was  then  being  laid  with  steel  ties.  The  track  was  laid  between 
Aprd  and  November,  1887,  under  the  superintendence  of  Mr.  A.  B.  Rum- 
ball.  The  steepest  grade  is  1  in  40,  and  the  sharpest  curve  is  1,320  feet 
radius.  There  are  comparatively  few  curves,  45.26  miles  of  the  line  be- 
ing straight  and  only  4.96  miles  on  curves.  The  gauge  is  3  feet  6  inches. 
The  locomotives  are  six-wheel  ^'bogi"  tank-engines  {i.  e.,  with  trucks), 
weighing  33  tons  in  full  working  order,  and  having  a  weight  of  10  tons 
on  the  driving  wheels,  The  freight  consists  of  gold-crushing  and  other 
machinery,  colonial  produce,  hides,  etc. 

The  ties  are  of  similar  type  to  those  adopted  for  the  Indian  state 
railways.  They  are  6  feet  long  over  all,  horizontal  in  the  middle,  bent 
up  at  the  rail  seats  to  give  the  rails  an  inward  inclination,  and  have  the 
ends  curved  down  and  flared  out  to  a  width  of  13  inches  (see  Plate  No. 
17).  At  the  middle  the  sides  are  vertical  and  the  top  is  arched  ;  at  this 
l)oint  the  tie  is  8j  inches  wide  at  the  bottom  and  5  inches  deep;  the 
sides  are  eleven-sixty-fourths  inch  thick,  and  the  top  is  slightly  thicker 
for  a  wulth  of  4^  inches,  the  extra  thickness  being  added  on  the  upper 
side.  At  the  rail  seat  it  is  flat  for  a  width  of  4 J  inches  on  top,  9^  inches 
wide  at  the  bottom,  and  4^  inches  deep;  the  sides  are  slightly  curved 
and  flare  outward;  the  sides  are  one  fourth  inch  thick  and  the  topis 
seven-sixteenths  inch  thick,  the  extra  thickness  being  added  on  theup])er 
side  for  a  width  of  4.^  inches  and  on  the  lower  side  for  a  width  of  4 
22893— Bull.  4^ — 13 
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inches.  There  is  a  clip  3  inches  loug  stiim[)ed  out  of  the  top  table  of  the 
tie  for  each  side  of  each  rail,  and  the  taper  steel  split  keys  are  driven 
between  the  onter  clips  and  the  rail  Haiiges.  The  ties  are  of  steel, 
weighing  70  pounds  each,  and  the  keys  weigh  1^  pounds  per  pair.  The 
joint  ties  are  spaced  2  feet  apart,  center  to  center,  and  the  intermediate 
ties  are  spaced  3  feet  3  inches  apart.  They  were  manufactured  by  the 
Moss  Bay  Hematite  Company,  of  Workington,  Cumberland,  England, 
and  cost  90  cents  each  at  the  works.  The  ties  are  dipped  in  a  boiling 
solution  of  Dr.  Angus  Smith's  composition,  and  the  keys  are  dipped  in 
boiling  linseed  oil.  An  improvement  in  these  ties  has  been  patented  by 
Mr.  H.  Law. 

The  rails  are  of  flange  section,  weighing  50  pounds  per  yard;  they 
are  4  inches  high,  and  4  inches  wide  over  the  flangti;  the  joints  are  sus- 
pended and  are  spliced  in  the  usual  way.  The  road  is  ballasted  with 
sand  and  broken  stone ;  the  ties  are  considered  to  be  better  adapted 
for  sand,  as  the  ballast  packs  well  into  the  tie.  The  durability  of  the 
ties  had  hardly  been  tested,  as  the  road  had  only  been  open  for  about 
two  years  at  the  time  of  Mr.  Rumball's  communication,  but  it  is  confi- 
dently expected  that  they  will  not  require  renewal  for  thirty  years. 
The  cost  of  maintenance  can  only  be  arrived  at  so  very  approximately 
as  to  be  of  no  value,  since  the  line  has  been  subject  to  severe  floods.  The 
labor  for  track-laying  was  entirely  unskilled,  but  it  was  found  in  prac- 
tice that  the  Kaffirs  very  quickly  got  into  the  way  of  "  threading"  the 
ties  on  the  rails.  The  steel  ties  were  adopted  on  account  of  timber-ties 
being  eaten  away  by  the  white  ants  in  a  short  time.  They  are  very  sat- 
isfactory, and  the  running  over  them  is  very  smooth.  The  engineer 
thinks  that  in  a  country  like  Africa  steel  ties  should  be  used  in  prefer- 
ence to  wood. 

CAPE  COLOXY. 

Cape  Government  Railways.— These  lines  aggregate  1,523.75 
miles  in  length.  They  are  of  3  feet  0  inches  gauge,  and  have  maximum 
grades  of  1  in  40  and  minimum  curves  of  400  feet  radius.  The  follow- 
ing particulars  in  regard  to  the  track  are  abstracted  from  a  paper  by 
Mr,  Wm.  Geo.  Brouuger,  presented  to  the  Institution  of  Civil  Engi- 
neers (London) in  1885.  (Proceedings;  Vol.LXXXI;  session  1884-'85 ; 
Part  III.) 

Steel  rails  of  flange  section  are  used  weighing  45  and  60  pounds  per  yard,  with 
suspended  spliced  joints,  and  spiked  or  bolted  to  creosoted  Baltic  ties,  7  feet  by  9 
inches  by  4-^  inches  for  the  lighter  rails,  and  7  feet  by  10  inches  by  5  inches  for  the 
heavier  rails.  With  a  view  to  check  the  tendency  to  spread  of  gauge  round  the  sharp 
curves  of  the  Hex  River  Mountain,  on  the  Western  division,  bowl  ties  of  Livesey's 
pattern  were  ordered  for  a  few  miles  for  the  sake  of  the  wrought-irou  tie-bar,  all  tbe 
different  kinds  of  fastenings  employed  being  found  to  yield  iu  the  case  of  wooden 
ties,  even  where  hard  wood  was  used,  though  the  latter  checks  the  tendency  to  some 
extent.  This  piece  of  track  has  answered  well  under  a  trying  traffic.  Most  of  the 
ties  were  of  cast-iron,  but  a  length  of  1  mile  was  laid  with  wrought  iron.  Of  the 
latter  not  a  single  tie  had  to  be  replaced,  but  many  of  the  former  were  broken  during 
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the  process  of  paekiiii;-.  In  conseqiieuce  of  the  difliculty  and  uncertainty  in  obtain 
iug  wooden  lies,  the  increase  of  their  price,  and  the  delay  in  procuring  them,  it  wan 
decided  to  try  iron  ties  on  a  niore  considerable  scale,  and  'M')i  miles  of  wruught-iron 
trough  ties  and  73^  miles  of  wronght-iron  bowls,  both  of  Livesey's])atterns,  had  been 
laid  down.  They  had  only  been  recently  laid,  so  that  little  could  be  said  as  to  the 
results,  but  the  following  particulars  were  given: 

First.  Both  types  recjuire  careful  packing.  In  the  case  of  the  bowls,  if  th'.s  is  not 
done,  they  are  apt  to  get  out  of  level  transversely,  and  the  result  is  a  cant,  which 
throws  the  line  out  of  gauge. 

Second.  Special  care  is  esseutial  iu  the  uiannfacture  of  both  kinds,  particularly  in 
the  fixing  of  the  jaws,  otherwise  the  gauge  is  affected. 

Where  irregularity  occurs  iu  the  spacing  of  the  boles  in  the  bars,  adjustment  of 
gauge  on  curves  is  given  with  bowls  by  placing  the  cotter  on  the  inner  side,  instead  of 
the  outer  side,  of  the  bowls  ;  on  sharp  curves  this  may  be  done  with  both  bowls.  With 
the  iron  trough  ties  it  is  desirable  that  special  ones  should  be  provided  for  sharp  curves, 
with  allowance  for  slack,  such  ties  having  unmistakably  distinctive  marks  to  pre- 
vent confusion,  or  otherwise  some  safe  means  of  adjusting  the  jaws  for  gauge. 

[The  use  of  special  ties  for  curves  is  not  to  be  recommended,  as  it  is  probable  that 
the  right  ones  will  not  be  at  hand  when  wanted,  and  they  complicate  the  track-lay- 
ing. There  are  better  means  of  adjusting  the  gauge  by  means  of  the  fastenings. — E. 
E.  R.  T.] 

Third.  More  care  is  requisite  as  regards  ballast,  and  this  has  been  a  source  of 
trouble.  It  is  undesirable  that  the  ballast  should  be  coarse  for  these  ties,  but  it  is 
often  difficult  to  obain  it  fine,  it  being  sometimes  necessary  to  use  broken  scone  for 
top  as  well  as  bottom  ballast. 

Various  kinds  of  timber  have  been  tried  iu  order  to  test  their  durability  as  ties. 
Some  varieties  from  colonial  forests  have  given  favorable  results,  but  their  cost  has 
been  prohibitory.  A  species,  of  timber  from  Madaga.scar  proved  durable,  but  its  ex- 
port was  attended  with  difficulty.  The  timber  which  has  hitherto  proved  the  most 
durable  is  that  of  the  camphor  tree,  which  has  been  takeu  up  after  being  iu  the 
-ground  for  twenty  years,  without  any  preparation,  and  found  perfectly  sound  through 
heart  and  sap  wood.  The  Government,  therefore,  decided  to  make  plantations  of 
this  tree,  which,  under  favorable  conditions,  attains  a  large  size  in  the  Colony, 

The  followiug  particulars  are  from  a  communication  received  in  De- 
cember, 1880,  from  Mr.  H.  C.  Litcbfield,  and  referred  to  the  Junction  or 
Hanover  line,  built  in  1883-'84: 

The  Hanover  line  is,  approximately,  an  east  and  west  line,  over  an  open,  treeless  and 
buahless,  undulating  country,  300  miles  from  the  coast,  and  with  an  average  elevation 
of  4,500  feet  above  sea-level,  crossing  at  right  angles  the  main  streams  flowing  north- 
wards to  the  Orange  River.  It  is  about  70  miles  in  length,  with  maximum  grades  of 
1.25  per  cent.,  and  sharpest  curves  of  8°  40'.  The  ties  were  spaced  2  feet  at  the  (all 
opposite)  joints,  the  intermediate  ones  being  spaced  (to  the  nearest  inch)  2  feet  9 
inches  for  wooden  ties,  2  feet  5  inches  for  iron  trough  ties,  and  3  feet  2  inches  for  bowl 
ties.  The  wooden  ties  were  all  7  feet  long,  and  of  two  sections,  the  heavy  being  10 
by  5  inches  and  the  light  9  by  4^  inches;  they  were  all  imported  Baltic  red  fir  creo- 
soted  with  not  less  than  10  pounds  per  cubic  foot  of  timber  of  the  best  creosote  oil, 
weighing  not  more  than  10  pounds  per  gallon.  The  weight  of  each  heavy  tie  when 
dry  was  110  pounds,  or  80  tons  per  mile.  The  rails  were  fastened  by  spikes.  The 
weight  of  the  iron  trough  tie  wa8  66|-  pounds,  or  68.1  pounds  with  the  keys.  The 
weight  of  a  pair  of  bowls  was 74  pounds,  and  of  the  tie-bar  12  ])ounds;  the  weight 
complete,  with  the  keys,  gibs,  and  cotters,  was  88.27  pounds  per  tie.  The  weights 
per  mile  of  these  two  kinds  were  62  and  62.21  tons,  respectively.  The  prices  in  1883- 
'84,  lauded  at  the  nearest  port,  Port  Elizabeth,  were  $1.32,  |1.84,  and  $2.26  each, 
respectively,  or$2,608  (including  spikes),  |3,833,  and $3,625  per  mile.    Steel  rails  were 
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then  $35  per  tou,  free  ou  board,  and  t'reigbt  to  South  Africa  about  >>i).'2ij  per  ton.  The 
rails  were  maiuly  24  feet  long,  and  23  feet  10  iucbes  long  for  curves ;  none  were 
longer  than  24  feet.  With  regard  to  the  bowl  ties,  on  tangents  the  gibs  were  placed 
inside,  and  the  cotters  outside,  of  the  track,  giving  a  gauge  of  3  feet  6  inches 
on  flat  curves  one  gib  was  placed  outside,  giving  a  gauge  of  3  feetG^  inches,  and  on 
sharp  curves  both  gibs  were  placed  outside,  to  give  a  slack  gauge  of  3  feet  6^  inches. 
In  order  to  insure  the  bowls  being  packed,  a  mound  or  hillock  of  ballast  was  tirst 
made  for  each  to  rest  upon;  when  the  ties  were  placed  in  position  a  rail  was  laid  in 
and  keyed  up  on  one  side  of  the  track  first,  and  the  opposite  rail  put  in  and  keyed 
np  afterward.  The  large  lug  of  the  bowls  was  tapered  to  suit  the  corrugated  key, 
aud  the  key  was  driven  by  the  right  hand  of  a  man  standing  between  the  rails,  so 
that  all  keys  on  the  left  hand  rails  pointed  backwards,  and  those  on  the  right  hand 
rails  pointed  forwards,  with  the  mileage. 

XATA]L. 

:N'atal  Government  Eailways.— These  Hues  are  also  of  3  feet  6 
inches  gauge.  Originally  the  track  consisted  of  iron  rails  laid  mainly  on 
imported  creosoted  ties,  the  average  life  ot  which  was  about  seven  years. 
Since  about  1881  native  yellow-wood  ties  have  been  tried,  but  their  life 
is  only  about  two  and  one-half  years,  and  soaking  them  in  mineral  oils 
was  not  found  to  be  of  much  service.  Good  ballast  is  dif&cult  to  ob- 
tain, and  poor  grades  of  disintegratiug  shales,  quartzites,  and  crystal- 
line rocks  are  frequently  used.  Steel  rails  are  being  laid  on  some  parts 
of  the  line,  and  on  some  of  the  extensions  a  track  of  steel  rails  on  plate 
ties  had  been  laid. 

Mr.  Kielland,  an  engineer  who  had  some  experience  with  the  early 
railw.ays  of  the  Colony,  informs  me  that  with  the  exception  of  a  small 
piece  of  line  from  Durban  to  the  Umzemi  River,  about  4  miles,  no  rail- 
ways had  been  constructed  previous  to  1876,  when  the  location  of  the 
first  Government  railways  was  commenced.  In  1878-'79  regular  trains 
began  to  run.  The  ties  used  on  these  first  roads  were  of  creosoted 
l)ine,  about  7  feet  by  6  inches  by  6  inches.  It  is  reported  that  there  is 
very  little  timber  in  Natal  or  the  Cape  Colony  which  is  suitable  either  for 
ties  or  railway  structures,  the  timber,  as  a  rule,  being  hard  and  crooked. 
In  the  country  north  of  Zululand,  Mozambique,  and  JMadagascar  there 
are  said  to  be  immense  tracts  of  swampy  land,  covered  with  a  very 
lasting  magnolia  or  mangrove  tree,  which  is  thought  to  be  suitable  for 
ties. 

SOUTH  AFRICAN  REPUBLIC. 
(Transvaal.) 

The  Dutch  company  owning  the  railways  awarded  a  contract  in  Oc- 
tober, 1889,  for  71,430  steel  ties  of  the  Post  type  (see  Holland). 

COKGO  FREE  STATE. 

Congo  Railway. — This  road  is  to  be  built  by  a  Belgian  company, 
and  it  is  reported  that  Belgian  works  will  supply  steel  rails  and  steel 
ties.    The  latter  will  probably  be  of  the  Post  type, 
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SENECiAJj. 

About  5,000  cross-ties  of  the  Severac  type  (see  Belgium)  have  been 
used  in  this  Freiicli  colony. 

ISIiAlS^D  OF  FIK UNION. 

On  the  Island  of  Reunion,  oft'  the  east  coast  of  Africa,  a  French 
possession,  there  is  a  meter  gauge  railway  77.5  miles  in  length, 
built  in  mountainous  country,  at  a  cost  of  $48,000  per  mile.  The 
track  consists  of  steel  rails  of  Hange  section,  weighing  28.2  pounds  per 
yard  ;  these  were  originally  laid  on  preserved  pine  ties,  imported  from 
France,  spaced  28  inches  apart,  center  to  center,  but  iron  bowls  ar- 
ranged in  pairs,  on  the  Livesey  system  (see  England),  as  employed 
with  success  in  South  America,  have  been  substituted,  and  so  far  have 
given  satisfactory  results.  The  bowls  are  laid  in  broken  stone  ballast. 
The  locomotives  weigh  15  tons  in  working  order,  and  can  haul  a  load 
of  50  tons  over  the  steepest  grades.  The  traffic  consists  of  about  five 
trains  per  day,  at  an  average  speed  of  15.5  to  18.5  miles  per  hour.  For 
the  sake  of  economy  the  location  follows  the  surface  of  the  ground  as 
nearly  as  possible;  this  necessitates  numerous  curv^es;  but  these  have 
caused  no  inconvenience  in  operation  on  account  of  the  slow  speed  nec- 
essary to  satisfy  the  demands  of  the  traffic.  There  are  curves  of  351, 
410,  492,  and  656  feet  radius.  The  steepest  grades  are  2  and  2.5  per 
(;ent.  The  conditions  of  the  traffic  led  to  the  adoption  of  a  light  track. 
The  imported  pine  ties  only  lasted  two  years,  and  trials  with  native 
wood  from  Madagascar,  even  with  mangrove,  not  having  been  success- 
ful, metal  ties  were  adopted. 

Each  tie  (Livesey)  consists  of  a  pair  of  cast-iron  bowls  flattened  on 
the  upper  part  to  form  a  seat  for  the  flange  of  the  rail,  and  having  lugs 
between  which  the  rail  is  held  by  a  corrugated  key.  The  gauge  is  main- 
tained by  means  of  a  wrought-iron  tie-bar  connecting  each  pair  of  bowls 
and  secured  by  keys.  The  spacing  of  the  keys,  and  consequently  the 
length  of  the  tie-bar,  can  be  varied  at  will,  thus  permitting  an  adjust- 
ment of  the  gauge  at  curves,  etc.  The  ties  are  spaced  about  3.28  feet 
apart,  center  to  center  of  tie-bars.  For  over  three  years  (up  to  1888)  62 
miles  of  track  had  been  laid  with  this  track  and  had  not  required  any 
maintenance.  The  ballast  is  of  broken  stone.  The  cars  run  smoothly,, 
without  jarring,  and  passengers  can  not  distinguish  this  part  of  the  line 
from  that  on  which  wooden  ties  are  still  used. 

The  following  particulars  were  presented  by  Mr.  Kowalski,  at  the 
luternational  Railway  Congress,  held  at  Milan,  Italy,  in  1887  : 

The  Livesey  system  of  cast-iron  bowl  ties  was  then  in  use  on  62  miles,  including  i>, 
tunnel.  Each  tie,  complete,  weighed  128.4  pounds;  the  tie-bars  weighed  2.8 pounds, 
and  each  key  .71  pound.     The  rails  were  of  flange  section,  weigliing  28.2  pounds  per 

(yard.     The  ballast  was  of  sand   and  broken  stone.     The  traffic  consisted  of  six  to 
eight  trains  per  day.     The  ties  were  laid  in  1881,  and  have  given  good  results,  but 
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the  jaws  on  the  bowls  have  to  be  made  heavier  thau  at  first,  as  they  broke  treqiieutly. 
The  price  iu  Loudon  was  $1.40  each,  or  $2  each  delivered  at  Reunion.  Wooden  ties 
cost  511.  The  cost  of  maintenance  was  very  small.  There  was  no  bad  etfect  on  roll- 
ing stocky  and  no  unpleasantness  to  passengers,  but  this  might  have  been  dr.e  to  the 
low^  speed.  The  only  renewals  have  been  of  a  few  bowls  broken  by  derailments. 
The  use  of  these  ties  is  to  be  continued.  It  is  considered  that  the  advantages  of  metal 
ties  in  tropical  countries  are  indisputable.  Native  and  imported  preserved  wooden 
ties  only  last  two  and  a  half  years,  while  the  iron  ties  last  indefinitely,  and  the 
maintenance  is  verv  much  less  than  with  wooden  ties. 
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I    Bowls.      Cross-tics.     Plates.       Total. 


Egypt 847.50 

Algeria 

Abyssinia 

Portugaese  territory  (South  Africa) 

Cape  Colony 80.  00 

South  African  Repub] ic 

Senegal 

Island  of  Reunion I        62.00 

Total I      989.50 


35.25 

4.25 ; 

887.00 

120.  00 

120. 00 

14.25 

14.25 

47.75 

47.75 

36.  50 

116.50 

40.50 

40.50 

2.  50 

' 

2.50 
62.00 

296.  75 


4.  25 


290.50 
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Section  3.— AUSTRALASIA. 

AUSTRAT.IA. 

General  Remarks. — The  railways  of  each  of  the  five  colonies  of 
Australia  (South  Australia,  Queensland,  New  South  Wales,  Victoria, 
and  West  Australia),  are  for  the  most  part  owned  and  operated  by  the 
separate  governments  of  these  colonies,  and  are  under  the  control  of 
railway  commissioners.  A  very  complete  account  of  these  railways 
will  be  found  in  Engineering  News,  New  York,  March  30,  1889.  It  is 
of  interest  to  note  that  metal  ties  have  been  introduced  into  this  new 
country,  of  which  comparatively  little  is  known  here,  and  that  their  use 
is  likely  to  be  extended.  In  one  case  (South  Australia)  they  have  been 
introduced  on  account  of  the  destructiveness  of  white  ants,  and  in  an- 
other case  (Queensland)  they  have  been  adopted,  after  a  partial  trial, 
for  an  up-country  line  for  motives  of  economy.  One  feature  of  this 
latter  case  is  that  the  system  adopted  is  claimed  to  be  specially 
adapted  for  light  and  economical  construction  and  to  be  suitable  for 
some  of  the  western  sections  of  the  United  States.  Hard- wood  ties  are 
in  general  to  be  obtained  in  abundance,  but  they  are  liable  to  be  at- 
tacked and  rapidly  destroyed  by  white  ants. 

SOUTH  AUSTRALIA. 

South  Australian  Government  Railways. — In  July,  1888,  there 
were  1,500  miles  of  railway  in  operation,  and  two  lines,  aggregating 
324  miles,  under  construction.  The  railways  are  of  5  feet  3  inches  and 
3  feet  6  inches  gauge.  The  colony  extends  from  the  north  to  the  south 
coast,  and  a  north  and  south  transcontinental  line  is  to  be  built,  some 
small  sections  of  which  are  already  in  progress, 

On  the  Palmerston  and  Pine  Creek  line  (3  feet  6  inches  gauge)  steel 
cross-ties  are  being  used ;  full  details  have  been  furnished  by  Mr.  A.  B. 
Moncrieff,  engineer  in  chief  of  the  Government  railways,  and  are  given 
farther  on. 

As  this  railway  was  not  completed  at  the  time  of  Mr.  Moncrieft*'s  re- 
port to  me,  and  therefore  sufficient  information  was  not  obtainable  to 
answer  some  of  the  questions  asked,  he  kindly  sent  the  following  par- 
ticulars from  a  report  of  Mr.  J.  C.  B.  Moncrieff,  M.  Inst.  C.  E.,  the  resi- 
dent engineer  of  the  Adelaide  and  Terowie  line  (o  feet  3  inches  gauge), 
who  had  been  directed  to  lay  twenty-seven  ties  of  the  same  design,  but  of 
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the  requisite  .size  for  the  wider  gauge,  at  tiie  entrance  to  the  Adelaide  sta- 
tioa  yard,  where  they  would  sustain  the  heaviest  traffic.  The  expense 
of  maintenance  was  not  greater  than  with  wooden  ties,  but  they  had 
not  been  tested  long  enough  to  enable  a  decided  opinion  to  be  formed 
as  to  their  durability.  Gravel  ballast  was  used,  and  it  packed  well, 
giving  no  trouble.  The  packing  did  not,  however,  fully  drive  up  the 
ballast  into  the  hollow  of  the  tie,  so  that  the  chief  weight  had  been  car- 
ried by  the  flanges. 

[This  was  one  of  the  troubles  with  the  original  form  of  the  Yautherin 
tie,  and  led  to  the  substitution  of  a  thickened  rib  instead  of  the  hori- 
zontal flange  on  each  of  the  lower  edges. — E.  E.  E.  T.] 

^ There  was  no  trouble  w^ith  maintenance,  but  as  the  length  of  the 
track  in  use  with  these  ties  was  only  40  feet,  it  was  impossible  to  say 
whether  they  would  keep  the  line  straight.  The  rail  attachments  had 
given  no  trouble.  Mr.  J.  C.  B.  Moncriett'  thought  very  highly  of  tliese 
ties  and  considered  that  if  they  were  a  little  stronger,  especially  around 
the  rail  seats,  they  would  be  a  really  serviceable  article.  From  the 
results  of  these  experiments  he  reported  as  follows  : 

These  ties  are  of  the  same  thickness  as  those  for  the  Palmerstou  aud  Piue  Creek 
Railway  (3  feet  6  inches  gauge)  and  are,  therefore,  too  slight  for  tbe  heavier  track 
"with  61-pound  rails,  of  these  lines  of  5  feet  3  inches  gauge.  They  were  tweuty-seven 
in  number,  and  were  placed  on  the  up  aud  down  tracks  at  the  entrance  to  the  Adelaide 
station.  They  were  laid  on  April  19,  1886,  and  have  been  in  use  until  now,  June  3, 
1889,  except  during  a  few  days  when  they  were  taken  out  for  inspection.  Three 
have  been  removed  on  account  of  cracks  in  the  rail  seits,  and  round  the  holes  for  the 
attachments  There  are  now  twenty-four  in  the  track  and  these  are  in  fairly  good 
order,  although  some  of  them  are  showing  cracks  similar  to  those  in  the  rejected  ones. 
Apparently  these  cracks  were  originally  started  in  the  creasing  of  the  steep  angles 
round  the  rail  seats.  They  have  been  in  use  for  one  hundred  and  fifty-three  weeks, 
and  have  had  a  traffic  of  6,500,000  tons  over  them  during  that  time. 

Wooden  ties,  of  jarrah,  red  gum,  or  sugar  gum,  cost  about  84  cents 
each,  and  last  about  twenty  years,  under  favorable  conditions,  in  the 
southern  part  of  the  colony,  but  their  durability  in  the  northern  or 
tropical  part  remains  to  be  seen. 

Falmerston  and  Fine  Creelc  Bailway. — In  June,  1889, 1  received  a  very 
complete  and  interesting  statement  from  Mr.  A.  B.  ^loncrietf  in  regard 
to  a  government  line  of  3  feet  6  inches  gauge  being  built  fiom  Palmers- 
ton  to  Pine  Creek,  iu  the  northern  territory  of  South  Australia,  a  dis- 
tance of  146  miles.  The  works  are  in  general  moderately  light;  there 
are  3i  miles  of  curves  of  660  feet  to  1,3l^0  feet  radius,  the  rest  being  of 
larger  radius;  the  grades  include  12  miles  of  I  in  60  (1.66  per  cent.)  15 
miles  of  1  in  60  to  1  in  80  (1.66  to  1.25  per  cent.),  and  12  miles  of  1  in  80 
to  1  in  100  (1.25  to  1  per  cent.).  The  bridges  are  up  to  100  feet  span. 
The  road  was  not  then  completed.  Tlie  object  of  the  road  is  to  develop 
a  mineral  country,  and  the  traffic  is  generally  light.  The  locomotives 
weigh  2-4J  tons,  and  have  a  weight  of  6^  tons  on  each  driving  wdieel; 
the  tenders  weigh  17  tons.  Track  laying  was  commenced  in  July,  1887, 
under  the  superintendence  of  Mr.  J.  W.  James. 
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Metal  ties  were  iulopted  un  aecount  of  the  clestnietiveness  of  w iiite 
ants.  The  ties  are  transverse,  of  steel,  of  the  type  known  as  MacLellan 
and  Smith's  patent  embossed  stamped  steel  ties.  (See  plate  No.  18.) 
They  are  manufactured  bv  Ibbotson  Bros.  cK:  Co.,  of  Kngland,  and  cost 
$65  per  ton,  free  on  board,  at  an  English  port.  They  are  coated  with 
Dr.  Angus  Smith'scomposition.  The  general  form  is  that  of  an  inverted 
trough,  with  closed  ends,  and  having  a  horizontal  flange  all  round  the 
lower  edges.  Tlie  trough  part  is  formed  with  corrugations  at  the  ends 
and  near  the  rail  seats;  this  part  is  narrow  at  the  middle,  the  top  table 
and  bottom  flanges  being  of  equal  width  5  at  the  rail  seats  it  is  wide  and 
Hat,  with  narrow  flanges  ;  and  at  the  ends  it  is  wide,  and  is  corrugated 
where  it  slopes  down  to  the  horizontal  flange.  The  tie  is  6  feet 3  inches 
long,  12  inches  wide  in  the  body,  14  inches  wide  at  the  ends  and  about 
23  inches  deep.  The  top  table  is  about  3  inches  wide  at  the  middle 
and  7  inches  wide  at  the  rail  seats.  The  length  of  the  trough  is  about 
5  feet  7  inches  on  the  bottom,  leaving  4  inches  of  flat  plate  at  each  end  ; 
the  top  is  slightly  arched  or  curved.  The  tie  has  a  uniform  thickness 
of  three-sixteenths  inch,  and  weighs  50  pounds ;  the  fastenings  w^eigh 
G^  pounds  per  set.  It  is  horizontal  at  top  and  bottom,  but  at  each  rail 
seat  there  is  a  depression  33%  inches  wide  and  about  one  fourth  inch  deep 
on  the  outer  side,  forming  a  groove  for  the  rail  flange  and  having  an  in- 
ward slope  of  1  in  26.  This  depression  is  an  objectionable  feature,  as 
it  is  almost  certain  to  cause  cracks  to  start  in  the  sharp  angles,  and  this 
has  been  found  to  be  the  case.  Experience  in  other  countries  has  shown 
that  proper  fastenings  are  in  themselves  amply  sufficient  to  hold  the 
rails  in  place  and  prevent  spreading  of  the  track,  so  that  this  form  of 
rail  seat  is  therefore  unnecessary.  The  expense  and  extra  labor  ex- 
pended on  this  part  may  be  dispensed  with  and  a  better  and  more  dur- 
able tie  obtained  which  will  be  fully  as  efficient  in  service  as  the  tie 
with  the  depressed  rail  seat.  The  fastenings  consist  of  two  clips  and 
one  patent  Ibbotson  "twin '' or  U  bolt  for  each  rail.  The  horizontal 
part  of  the  bolt  rests  inside  the  tie,  under  the  rail  seat,  and  the  two  ver- 
tical parts  pass  up  through  the  top  table  and  clips  ;  these  vertical  parts 
are  threaded  and  a  nut  is  screwed  down  on  each  clip.  The  bolts  are 
4||  inches  long,  center  to  center  of  the  vertical  parts,  which  are  three- 
fourths  inch  diameter;  the  horizontal  part  is  three-fourths  inch  wide  and 
five-eighths  inch  deep,  with  the  upper  face  flat,  to  bear  against  the  under 
side  of  the  top  table.  The  clips  are  2^  inches  long  on  the  rail,  2|  inches 
wide,  and  five-eighths  inch  thick  at  the  middle.  A  groove  is  made  in  the 
outer  clip  and  on  the  top  of  the  outer  side  of  the  bolt,  so  that  the  track 
inspectors,  when  w^alking  along  the  track,  can  see  that  the  bolts  and 
I  clips  have  been  put  in  correctly.  The  ties  are  spaced  as  follows:  For 
a  rail  length  of  21  feet  2  inches,  the  joint  ties  are  1  foot  11  inches  apart, 
center  to  center,  the  ties  next  to  the  joints  2  feet  4  inches,  and  the  inter- 
mediate ties  2  feet  11  inches  apart.  For  a  rail  length  of  18  feet  5  inches, 
the  joint  ties  are  spaced  L  foot  11  inches  apart,  the  next  ones  2  feet  5 
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inches,  aud  the  iuterinediate  ties  2  feet  11  inches  apart.  On  curves 
they  are  hxid  radially. 

At  switches  and  fro<^s,  wooden  ties  are  used;  they  are  8  inches  by  4 
inches  section,  and  G  feet  0  inches  to  13  feet  long.  The  rails  are  fast- 
ened by  steel  spikes  one-half  iuch  square,  4|  inches  long,  with  heads 
1  inch  long  by  1^  iuches  wide. 

The  rails  are  of  steel,  of  flange  section,  weighing  41  pounds  per  yard. 
They  are  3 J  inches  high,  3^  inches  wide  over  the  flange ;  the  head  is 
IJ  inches  wide,  with  a  top  radius  of  G  inches  and  three-eighths  iuch  ra- 
dius of  top  corners.  They  are  mostly'  21  feet  2  inches  long  (20  feet 
lOj  inchts  for  short  rails  on  curves),  and  some  of  them  (not  more  than 
5  per  cent,  of  the  contract  lots)  are  18  feet  5  inches  long.  The  joints 
are  suspended  and  are  fastened  by  splice  plates  15  inches  long,  with  four 
bolts  three  fourths  inch  diameter,  spaced  3fJ  inches  center  to  center.  The 
outer  plate  is  flat,  five-eighths  inch  thick,  with  bolt  holes  seven-eighths 
inch  square.  The  inner  plate  is  of  a  deep  x)attern,  having  a  vertical 
web  projecting  below  the  flange  of  the  rail,  being  4^  inches  deep  over  all, 
and  having  the  ends  of  the  lower  web  cut  to  fit  the  slope  of  the  sides  of 
the  ties;  it  is  five  eighths  inch  thick  in  the  upper  web,  and  three-eighths 
inch  thick  in  the  flange  and  lower  web ;  the  bolt  holes  are  seven  eighths 
inch  diameter.  The  bolt  holes  in  the  web  of  the  rails  are  oval,  seveu- 
eighthsinch  vertical  by  l^^g  inches  horizontal.  Aspaceof  three-sixteenths 
inch  is  left  between  the  rail  ends  at  thejoints.  The ballastisof  broken 
stone  or  clean  gravel ;  it  is  G  inches  deep  under  the  ties,  7  feet  G  inches 
wide  on  top,  10  feet  G  inches  wide  over  the  bottom;  between  the  rails  it 
is  level  with  the  tops  of  the  ties,  but  outside  it  is  nearly  even  with  the 
level  of  the  rail  head,  rounded  down  alongside  the  rail  to  the  underside 
of  the  head.  The  minimum  quantity  of  ballast,  for  single  track,  is 
1,480  cubic  yards  per  mile.  The  height  from  subgrade  to  top  of  rail  is 
12  iuches. 

There  has  not  yet  been  suflBcient  experience  to  enable  positive  opin- 
ions to  be  given  as  to  the  value  of  these  steel  ties,  but  it  is  thought  that 
they  are  rather  too  light,  as  they  are  found  to  crack  slightly  at  the  rail- 
seats  and  bolt-holes.  The  following  particulars  respecting  the  line  are 
extracted  from  a  report  of  the  resident  engineer,  Mr.  James : 

The  steel  ties  are  exceediugly  strong-,  thej^  stand  well  in  the  track  and  keop  a  good 
line.  When'traveliug  on  an  engine  the  road  seems  as  elastic  as  if  the  line  were  laid 
with  wooden  ties.  The  contractors  are  highly  pleased  with  them.  They  give  no 
trouble  when  laid,  and  the  cost  for  maintenance  is  very  much  lighter  than  with 
wooden  ties. 

The  climate  is  tropical  but  it  can  not  be  said  yet  whether  it  will  have 
any  eifect  upon  the  ties. 
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QUEENSTjAND. 

Queensland  Government  Railways.— The  lines  in  this  colony 
are  divided  into  ten  divisions,  and  the  condition  of  the  railway  system 
at  the  end  of  1887  was  as  follows:  Open  for  traffic,  1,895  miles;  nnder 
constrnction,  208  miles ;  proposals  invited  for  construction,  38  miles ; 
plans  approved,  197  miles;  total,  2,338  miles.  The  gauge  of  the  rail- 
way is  3  feet  6  inches.  The  average  cost  for  construction  has  been 
about  $32,070  per  mile,  and  the  average  cost  for  maintenance  for  the 
years  1884-'8d-'86  was  $704  per  mile  per  annum.  The  lines  are  laid 
principally  with  steel  flange  rails  weighing  41J  or  60  pounds  per  yard. 
There  is  said  to  be  an  abundant  supply  of  iron-bark  timber  for  ties.  In 
September,  1886,  a  contract  for  12,000  wooden  ties  for  the  Northern 
line  was  let  at  $8,250,  or  about  69  cents  per  tie.  Sawn  wooden  ties 
cost  from  $65  to  $90  per  100,  and  last  from  ten  to  fifteen  years.  The 
railway  commissioner  has  condemned  the  further  cutting  of  timber  for 
ties,  fences,  etc.,  and  has  recommended  the  home  manufacture  of  steel 
ties. 

Some  years  ago  (about  1882)  1,000  wrought-iron  cross  ties  of  the 
Livesey  pattern  were  laid  on  the  Sandgate  branch ;  they  were  5  feet  6 
inches  long,  made  of  metal  three-sixteenths  of  an  inch  thick,  and  had 
closed  ends.  They  lasted  for  five  years  under  moderate  traffic,  but 
generally  fractured  under  the  rail  seats,  owing  to  defective  fastenings 
of  the  rails.  The  oxidization  was  not  serious.  They  were  laid  in  ordi- 
nary broken  stone  ballast.  In  October,  1887,  a  contract  for  stamping 
80,000  ties  of  the  Phillips  type  was  let  to  the  Toowoomba  Foundry 
Company,  of  Queensland,  at  $35,833.30.  In  December,  1887,  a  con- 
tract for  2,000  iron  ties  for  the  Southern  and  Western  line  was  let  at 
$4,156.25.  In  June,  1888,  100,000  ties  of  the  Phillips  improved  type, 
weighing  84  pounds  each,  were  being  manufactured  by  the  Toowoomba 
Foundry  Company  for  the  first  section  of  the  Normauton  and  Cloncurry 
Eailway. 

The  ties  designed  by  Mr.  George  Phillips,  superintending  engineer, 
late  inspector  of  railway  surveys,  are  intended  especially  for  up- 
country  lines ;  they  dispense  with  ballast,  the  ground  being  plowed 
and  the  soil  tamped  into  and  around  the  ties.  They  are  made  of  steel, 
and  are  of  inverted  trough  section,  with  open  ends  (see  Plate  No.  19). 
These  ties  were  first  tried  on  the  Harrisville  branch  of  the  Fassifern 
line,  80,000  being  ordered.  Of  this  first  lot  the  plates  were  rolled  in 
England  and  shipped  flat,  and  were  pressed  cold  to  shape  in  the  col- 
ony, as  Mr.  Phillips  wished  to  inspect  the  work.  They  were  imported 
by  the  Government  at  a  cost  of  about  $30  per  ton,  and  the  Toowoomba 
Foundry  took  the  contract  to  do  the  shaping  at  43  cents  per  tie.  The 
work  was  to  be  done  under  very  strict  specifications,  but  after  a  time 
the  contractors  claimed  that  the  plates  were  not  delivered  to  them  in  a 
workable  condition,  and  they  applied  for  extra  compensation.     It  was 
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said  that  owing  to  careless  inspection  in  England  the  plates  were  sent 
out  warped,  twisted,  and  sometimes  so  unevenly  cut  that  they  would 
not  go  into  the  pressing  machine.  Two  dip[>ings  in  tar  were  specified, 
but  the  contract  was  modified  to  permit  the  contractors  to  make  onr 
dipping  only,  on  condition  that  they  would  forego  their  claim  for  extra 
compensation.  The  first  ties  for  the  experimental  line  weighed  G(l 
pounds;  those  now^  made  weigh  84  pounds. 

Mr.  W.  A.  Cross,  engineer  of  existing  lines,  in  his  report  dated  April 
9,  for  the  year  1887,  stated  as  follows  : 

A-u  experimental  Hue  65  chains  71  tiuks  loug  ^4, 336. 86  feet  if  the  English  chain  of 
(oQ  feet  is  used, — E.  E.  R.  T.]  was  laid  down  in  Jnue  last  on  the  Hanisville  branch, 
upon  Mr.  George  Phillips's  system,  viz,  a  surface  line  having  metal  ties  and  without 
ballast,  and  has  been  tested  by  the  whole  of  the  trafitic  for  the  district  having  been 
worked  over  it  for  a  period  of  ten  months,  with  the  result  that  a  fair  measure  of  suc- 
cess had  been  obtained  for  this  description  of  light  lines.  The  system  merits  consid- 
eration in  opening  up  the  vast  plains  of  the  interior  of  the  colony. 

In  October,  1888,  when  the  question  of  extending  the  Croydon  branch 
railway  from  mile  iS"o.  13  to  mile  No.  42,  from  Normanton,  a  length  of  29 
miles,  came  before  the  legislature,  there  was  quite  a  heated  discussion 
as  to  the  proposed  use  of  metal  ties.  The  contract  for  building  a  part 
of  the  line  had  been  let  b}'  a  previous  administration  to  Mr.  Phillips, 
who  was  to  use  his  metal  ties  ;  as  might  be  expected,  the  new  adminis- 
tration disapproved  of  what  had  been  done  by  the  opposite  party  when 
in  power,  and  this  gave  rise  to  considerable  discussion.  As  shown  fur- 
ther on,  however,  the  line  is  being  laid  with  these  ties. 

In  May,  1889,  the  following  particulars  were  furnished  by  the  com- 
missioner of  railways  in  regard  to  the  Phillips  ties.  They  were  laid 
on  the  Fassifern  branch  of  the  Southern  and  Western  Railway,  and  on 
the  first  section  of  the  ISTormanton  and  Croydon  Eailway.  The  lengtii 
of  track  laid  was  37  miles  1,980  feet,  including  sidings,  and  the  laying 
of  GO  miles  more  had  been  authorized.  The  maximum  grade  was  1  in 
G6  and  minimum  curve  660  feet  radius.  The  ties  were  laid  in  1887-88 
under  the  supervision  of  Mr.  George  Phillips  and  Mr.  W.  A.  Cross, 
engineers.  The  traffic  was  mixed,  passenger  and  freight,  and  the  max- 
imum of  trains  was  six  per  day.  The  engines  weighed  34:f  tons,  with  9 
tons  on  the  driving-wheels.  The  ties  were  transverse,  of  trough  sec- 
tion, 5  feet  6  inches  to  5  feet  9  inches  long,  5  inches  to  6  inches  deep, 
and  weighing  from  60  to  81  pounds  each.  They  were  of  wrought-iron 
and  steel,  and  were  manufactured  by  Springall  «&  Frost  and  the  Too- 
woomba  Foundry  Company  in  the  Colony,  from  imported  plates.  They 
were  dipped  in  a  composition  of  coal  tarandasphaltum,  and  cost  $1.99.^  to 
$2.50  each.  The  costof  maintenance  was  about  $350  per  mile  per  annum. 
They  had  not  been  done  long  enough  to  test  their  durability.  The 
fastenings  consisted  of  one  riveted  and  one  bolted  clip  to  each  rail.  No 
special  arrangement  was  made  for  curves.  The  lines  are  purely  surface 
lines,  with  the  exception  of  a  few  banks,  the  longest  of  which  is  only 
1,980  feet  in  length  ;  the  ties  are  laid  directly  in  the  earth,  no  other 
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ballast  being:  used  ;  the  ballast  behaves  excellently  under  the  tie.  The 
rails  are  of  tiauice  section,  il^  pounds  per  yard,  with  suspendeil  spliced 
joints.  The  ties  were  adopted  for  economy  in  construction  and  main- 
tenance, and  so  far  the  results  had  l)een  perfectly  satisfactory.  Tiiere 
had  been  no  trouble  with  the  rail  attachments,  with  maintenance,  or 
from  breakages. 

Fassifern  Railway. — The  following  information  relating  to  the 
tirst  experimental  line  is  condensed  from  a  pamphlet  issued  by  Mr. 

\  Phillips. 

The  Government  having  consented  to  lay  down  a  short  length  of  rail- 
way with  wrought-iron  ties  (see  plate  No.  19),  in  order  to  test  the 
practicability  of  working  and  maintaining  railways  laid  on  the  surface 
of  even  country,  without  ballast  or  drainage  of  any  description,  the  ex- 
perimental line  was  laid  in  the  form  of  a  deviation  near  Harrisville,  on 
the  Fassifern  branch  of  the  Southern  and  Western  Railway,  upon  a 
piece  of  even,  black  soil,  melon-hole  country,  liable  to  be  flooded  after 
heavy  rains  to  a  considerable  extent.  The  actual  length  of  the  experi- 
mental track  was  4,336.86  feet,  and  on  it  were  laid  1,988  wrought  iron 
ties.  The  ties  were  made  from  plates  66  inches  long,  19  inches  wide,  and 
one-eighth  inch  thick;  they  were  5  feet  6  inches  long,  6  inches  wide  on 
top,  9^  inches  wide  on  the  bottom,  and  6  inches  deep.  At  each  rail 
seat  a  wrought-iron  tie-plate,  12  inches  by  8  inches  by  three-sixteenths 
inch  thick,  was  fastened  to  the  tie ;  on  the  outer  side  of  the  rail  it  was 

,  .fastened  by  a  three-fourths  inch  rivet  which  also  held  the  clips  for  the 
outer  side  of  the  flange  of  the  rail,  and  on  the  inner  side  by  a  three- 
fourths  inch  bolt  which  also  held  the  loose  clip  for  the  inner  side  of  the 
flange  of  the  rail.  The  ends  were  open,  and  the  ties  were  tamped  from 
the  ends.  The  rails  were  of  steel,  of  flange  section,  weighing  41 J 
pounds  per  yard.  The  total  cost  of  the  deviation,  including  the  ap- 
proaches (total  length,  4,898.52  feet),  was  $10,350.25,  of  which  $2,000 
was  due  to  the  excessive  price  of  the  ties,  which  were  manufactured 
(under  contract)  in  the  colony,  at  a  cost  of  $2  each,  or  about  $77.50  per 
ton,  or  about  100  per  cent,  of  the  value  if  they  had  been  imported  from 

j  England  ;  steel  ties  were  then,  it  was   said,  being  manufactured  in 

England  for  India  at  $22.76  per  ton.     The  line  was  opened  to  traffic  on 

June  11,  1887,  and  up  to  June  11,  1888,  it  had  carried  a  gross  traffic  of 

150,000  tons.     It  had  been  repeatedly  submerged  and  in  one  instance 

trains  were  run  over  it  at  a  speed  of  25  miles  an  hour  while  the  flood 

waters  were  running  across  the  rails.     The  results  were  so  satisfactory 

that  the  Government  let  a  contract  in  June,  1888,  to  the  Toowoomba 

Foundry  Company  for  100,000  ties  of  a  heavier  pattern  for  the  Norman - 

on  and  Cloncurry  Railway.     These  ties  were  made  from  steel  plates  5 

eet  9  inches  long  by  18  inches  wide  and  three-sixteenths  inch  thick  ; 

hey  were  5  feet  9  inches  long,  7  inches  wide  on  top,  10  inches  wide  at 

he  bottom,  and  weighed  81  pounds  each,  complete.     After  the  bending 

nd  riveting,  they  were  dipped  vertically,  for  about  twenty  minutes, 
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into  a  caldron  containing  a  composition  of  refined  Trinidad  asplialtuui 
and  coal-tar  at  a  temperature  of  about  300^  Fahr.  It  has  been  shown 
that  this  experimental  surface  line  can  stand  the  test  of  recurring  heavy 
rain-falls  without  its  stability  being  seriously  affected. 

Croydon  and  Nor:m4Nton  Railway.— The  ties  for  this  line  are 
made  from  steel  plates  6  feet  long,  18  inches  wide  before  bending  to 
shape,  and  three-sixteenths  inch  thick,  with  a  strip  6  inches  wide  along 
the  middle  three-eigliths  inch  thick ;  this  extra  metal  may  be  on  the 
upper  or  under  side  of  the  plate,  at  the  option  of  the  manufacturer 
(see  plate  Xo.  19).  The  tie  is  6  feet  long,  7  inches  wide  on  top  (or  G 
inches  if  the  extra  thickness  is  on  the  upper  side);  10  inches  wide  at 
the  bottom,  inside  ;  5  inches  deep  (or  5-^%  inches  if  the  extra  thickness 
is  on  the  upper  side).  The  top  corners  are  1  inch  radius,  and  the  sides 
Hare  slightly  outward.  The  top  table  of  the  tie  is  horizontal  and  the 
cross-section  is  uniform  throughout.  The  rails  are  of  flange  section,  of 
steel,  weighing  41^  pounds  per  yard ;  the  flange  is  34-  inches  wide.  The 
outer  flange  of  the  rail  is  held  by  a  riveted  clip  4.^  inches  long,  2-^^^ 
inches  wide,  three  eighths  inch  thick,  projecting  seven- sixteenths  inch 
over  the  flange.  This  clij)  is  fixed  at  the  exact  place,  with  regard  to  the 
flange  of  the  rail,  to  give  the  correct  gauge,  and  it  is  secured  by  two 
five-eighths  inch  rivets,  2^  inches  apart.  The  inner  flange  of  the  rail  is 
held  by  a  loose  clip,  2J  inches  square,  seven-sixteeuths  to  nine-sixteenths 
inch  thick,  projecting  one  half  inch  over  the  flange;  the  outer  part  has 
a  rib  on  the  under  side  which  rests  on  the  tie  and  so  keeps  the  top  of 
the  clip  horizontal.  The  bolt  hole  is  thirteen  sixteenths  inch  diameter. 
The  bolt  hole  in  the  tie  is  kite-shaped,  the  point  being  turned  toward 
the  middle  of  the  tie ;  it  is  -^f  by  I^q  inches.  The  bolt  is  IJ  inches  long 
under  the  head,  three-fourths  inch  diameter,  with  the  Whit  worth  thread, 
and  has  an  eccentric  neck  1  inch  long,  fitting  into  the  narrow  part  of 
the  bolt  hole  so  as  to  prevent  tlie  turning  of  the  bolt. 

In  January,  1889,  Mr.  Phillips  sent  the  following  report  of  his  ties, 
and  his  statement,  together  with  the  other  information  given,  sliows 
that  under  certain  circumstances,  at  least,  steel  ties  are  adapted  not 
only  to  replace  wooden  ties  on  the  main  lines  with  heavy  traffic,  but 
also  for  an  economical  construction  of  railways  with  small  traffic  in  e\'en 
country : 

I  have  just  returned  from  Nortli  Queensland,  where  I  have  been  constructing  a  sec- 
tion of  railway  36  miles  in  length  on  my  system.  The  country  I  am  dealing  with  is 
between  the  port  of  Normantou,  in  17°  45'  south  latitude  and  141°  10'  east  longitude, 
and  a  new  gold  field  by  the  name  of  Croydon,  situated  about  85  miles  east-southeast 
from  Normanton.  The  country  is  almost  uniformly  even,  and  the  Norman  River  is> 
the  only  important  river  crossed.  The  first  4  miles  are  over  gravel  ridges,  when  a 
descent  of  1  inTOfor  half  a  mile  brings  the  line  down  to  the  level  of  the  river  flats;  the 
soil  is  dark  clay  with  a  slight  admixture  of  alluvial  sand.  This  description  of  coun- 
try extends  to  14  miles,  where  the  river  is  crossed  with  a  low,  level  timber  bridge 
(principally  20-foot  spans)  on  a  sandstone-rock  bottom.  Thence  to  Croydon  the 
country  is  very  uniform  in  character — fine  sandy  soil,  covered  with  a  more  or  less 
thick  forest  of  inferior  £^ud  stunted  timber,  sometimes  dense  enough  to  be  called 
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brush  or  scrub.  There  is  no  forest  timber  of  sufficient  diniensiona  in  the  district 
available  for  ties  or  bridge  work,  neither  is  there  any  stone  for  ballast,  except  by 
quarrying  below  the  surfiice,  and  that  is  san<lstone  of  an  inferior  and  very  soft  de- 
scription. The  country  is  almost  uniformly  even,  except  at  the  4-niile  peg,  where 
there  is  a  cutting  of  about  5  feet  aud  an  embauliiuent  of  equal  height.  I  commenced 
track  laying  July  7,  aud  comi)lete(l  'ill  miles  on  December  2'J ;  fully  seven  weeks  were 
lost  through  non-delivery  of  ties,  so  that  the  average  rate  of  progress  was  IJ  miles 
per  week  of  six  working  days.  The  number  of  men  employed  in  (a)  clearing  track 
()()  feet  wide,  (6)  grubbing  central  width  of  10  feet,  (c)  plowing,  harrowing,  and 
rolling  the  same,  (d)  track  laying,  (e)  lifting  and  packing  ties,  and  (/)  straightening 
track,  never  exceeded  (15,  with  one  team  of  bullocks  (12),  aud  one  horse.  Cost  per 
mile  for  labor  only,  $630 ;  wages  for  laborers,  S2. 50  per  day;  gangers,  $3.15.  The 
plowing,  harrowing,  aud  rolling  cost  $75  per  mile,  and  is  included  in  the  $630.  The 
total  cost  was  under  $15  per  lineal  foot.  The  best  day's  work  was  2,772  feet,  or  0.525 
mile,  and  the  best  week's  work  a  little  over  2  miles.  No  ballast  has  been  provided 
aud  no  side  or  cross  drains  cut;  the  only  water-ways  are  at  well-defined  and  water- 
worn  channels.  The  total  timber  bridging  on  the  36  miles  is  1,103  linear  feet,  and  only 
one  box-drain  has  been  put  in.  From  20^  miles  to  36  miles  there  is  not  a  single 
water-way  of  any  description. 

The  material  train  has  never  failed  to  run  to  the  head  of  the  road  daily  from  the 
commencement  of  track  laying,  although  there  have  been  some  very  heavy  thunder- 
storms with  1  to2  inchesof  raiu-fall  in  auliour.  Thetrack  is  laid  with  steel  flange  rails, 
4li  pounds  per  yard,  26  feet  long,  fastened  to  mild  steel  cross-ties,  weighing  84  pounds 
each,  11  ties  to  a  rail  length.  The  average  gross  load  of  the  material  train  is  100  tons. 
The  locomotive  employed  is  a  six-wheel  engine,  built  by  Diibs  &  Co.,  of  England; 
this  description  of  engine  has  a  greater  average  weight  per  foot  of  wheel  base  than 
any  other  class  of  locomotives  in  use  in  Queensland.  The  country  passed  through  is 
be'ieved  to  be  the  softest  in  wet  weather  to  be  found  in  Australia,  but  so  far  no 
trouble  has  been  experienced  with  the  line.  The  country  is  infested  with  white  ants 
(termites),  and  lies  of  the  best  hard  wood  of  the  colony  w^ill  not  last  more  than  three 
years  in  the  form  of  ties.  The  government  now  in  power  are  not  very  favorable  to 
my  system,  but  I  hope  to  be  able  to  induce  them  to  complete  the  Croydon  Railway 
on  my  system.  I  believe  my  system  might  be  applied  with  advantage  to  your 
prairie  country,  subject  to  heavy  rain-falls  ;  that  is  to  say,  south  of  the  snow  regions' 

The  steel  tie  and  special  construction  of  track,  as  already  described,  was  designed 
by  Mr.  Phillips  with  a  special  view  to  its  adaptability  for  economical  construction 
and  maintenance,  particularly  for  up-country  lines.  He  is  an  advocate  of  a  simpler 
form  of  construction  for  such  railways,  in  suitable  country,  than  that  generally  em- 
ployed, aud  he  thinks  that  this  is  rendered  possible  when  ''such  a  very  superior 
article  as  a  metal  tie  is  used,  which  can  be  pressed  into  any  desired  shape."  His  sys- 
tem is  peculiarly  adapted  to  conditions  existing  on  the  Australian  continent,  the 
country  being  generally  very  even,  and  not  subject  to  snow-fall,  Mr.  Phillips  thinks 
that  it  would  also  be  applicable  in  the  more  southern  parts  of  the  western  plains  of 
the  United  States,  and  in  Mexico  over  even  country  which  is  liable  to  heavy  floods. 
The  more  or  less  open  ends  of  the  ties  are  an  essential  of  this  system,  on  account  of 
providing  for  the  drainage  of  the  earth  m  which  the  ties  are  embedded  and  packed. 
On  the  experimental  line  no  tendency  to  lateral  displacement  was  observed  on  a  curve 
of  660  feet  radius.  If,  under  any  other  circumstances,  such  a  tendency  shall  be  ob- 
served, it  would  probably  be  met  by  using  a  transv^erse  web  inside  at  the  middle  of 
the  tie.  In  regard  to  a  suggestion  that  the  use  of  bolts  would  be  cheaper,  by  reduc- 
ing the  shop  work,  it  has  been  stated  that  the  difference  in  cost  would  be  small,  and 
that  rivets  are  preferred  as  giving  a  more  exact  and  accurate  gauge.  The  outer 
clips  are  bolted  on  templets  while  being  riveted,  so  as  to  insure  accuracy  in  fitting. 
No  ballast  is  intended  to  be  used  with  this  system  of  track,  the  ties  being  simply 
P  ickcd  with  surface  soil,  The  Phillips  ties  for  the  Fassifern  line  were  the  first  metal 
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ties  luanufactiired  in  Australia.  Up  to  (Jutober,  188t?,  uo  ties  of  the  type  having  a 
strip  of  extra  thickness  along  the  top  table  had  been  uianufactured,  owing  to  dehiys 
caused  by  the  political  circumstances  already-  referred  to. 

This  system  is  only  applicable  to  level  country.  The  principle  which  the  inventor 
works  upon  is  that  surface  soil,  when  subjected  to  compression,  will  sustain  a  very" 
much  greater  weight  than  when  loose  or  in  its  normal  condition,  and  he  instances 
the  fact  that  well- beaten  roads  in  soft  country  remain  firm  even  when  entirely  cov- 
ered with  water.  The  effect  of  the  passage  of  trains  will  bo  to  compress  the  .soil 
along  the  line,  and  the  natural  surface  drainage  can  escape  under  the  rails  and  be- 
tween the  ties  ;  in  certain  cases  cross  drains  may  be  used.  The  life  of  the  tie  is  esti- 
mated as  at  least  thirty  years. 

NKW   SOUTH   WAI^KS. 

New  South  Wales  Government  Kailways.— The  lines  in  this 
colony  are  of  standard  gauge,  4  feet  8i  inches.  In  July,  1888,  there 
were  2,102  miles  in  operation  and  66  miles  under  construction.  The 
number  of  wooden  ties  used  during  1887  was  77,451  ;  of  this  number 
66,407  were  for  renewals  and  11,044  for  new  side  tracks,  etc.  Mr.  E. 
M.  G.  Eddy,  the  chief  commissioner  of  railways,  states  that  experience 
with  metal  ties  in  that  colony  has  been  too  limited  to  allow  of  any 
opinion  of  value  being  given  yet.  I  have  not  received  any  particulars 
of  such  limited  experiments  as  have  been  made. 

Mr.  George  Cowdery,  one  of  the  engineers  of  the  government  rail- 
ways, has  designed  a  steel  cross-tie,  which  is  fitted  with  a  tie  plate 
at  each  end  to  give  the  rails  the  usual  inward  inclination  and  to  com- 
pensate for  the  weakening  of  the  tie  by  the  stnini)ing  of  lugs  or  clips 
up  from  the  top  table.  A  stud-bolt  secures  the  rail  and  tie-plate  to 
the  tie,  and  a  split  taper  steel  key  is  driven  between  the  rail  and  the 
head  of  the  bolt. 

TICTOllIA. 

Victoria  Government  Railways —At  the  end  of  1888  there  were 
2,167  miles  of  railway  in  operation  in  this  colony.  These  lines  are  of  5 
feet  3^  inches  and  3  feet  6  inches  gauge.  The  maximum  grades  of  the 
different  lines  range  from  1  in  23  to  1  in  206,  but  average  1  in  40  to  1 
in  50.  The  average  cost  per  mile  for  construction,  exclusive  of  rolling 
stock,  has  been  from  $124,880  to  $396,370  for  double  track,  and  from 
$16,130  to  $79,660  for  single  track.  The  blue-gum  ties  used  cost  96 
cents  each.  The  agent-general  in  London  states  that  he  does  not  know 
of  any  metal  ties  being  used. 

XEW  ZEALAXB. 

At  the  end  of  1888  the  colonial  government  owned  1,751  miles  in 
operation,  and  there  were  also  92  miles  owned  by  com[)anies.  The  lines 
are  of  3  feet  6  inches  gauge.  Th^^  agent-generul  in  London  states  that 
metal  ties  are  not  used,  and  that  it  is  not  likely  that  the  use  of  wooden 
ties  will  be  abandoned,     Mr,  J.  P,  Maxwell,  the  general  manager  of  the 
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ooverniiient  Hues,  states  that  there  is  an  abuiiclaiice  of  durable  timber 
avaihiblo.  The  wooden  ties  are  7  feet  by  7  inches  by  5  inches,  cost  48 
to  9G  cents  each,  and  have  a  life  varying  from  ten  to  twenty  years. 

TASMANIA. 

In  June,  1889,  there  were  375  miles  of  railway  open  to  traffic,  of  which 
171^  miles  were  private  lines,  the  remainder  belonging  to  the  colonial 
government.  The  gauge  is  3  feet  6  inches.  The  agent-general  in  Lon- 
don states  that  metal  ties  are  not  used  and  are  not  likely  to  be  used. 

Mr.  Fincham,  M.  Inst.  C.  E.,  eugineer-in-chief  of  the  government 
railways,  writing  in  June,  1880,  stated  that  no  metal  ties  are  used  in 
the  colony,  as  there  is  an  abundance  of  excellent  timber,  which  enables 
the  government  to  obtain  ties  6  feet  G  inches  by  9  inches  bj^  4 J  inches 
at  prices  from  36  to  48  cents  each,  including  long  carriage. 

SUMMARY  OF  METAL  TEACK  FOE  SECTION  NO.  3. 


Miles  laid 

with  steel 

ties. 

Total 
mileage. 

1    ROA 

South  Australia 

146 

Oueenslancl                     ..... 

40            '>  ins 

2, 168 

Victoria 

2,167 

West  Australia                    ... 

160 

New  Zealaud                 .....       .                  ...        .     ..       .             ..       ...... 

1,843 

Tasmania 

375 

Total 


186 


10,  640 


22893~.Bull.  4- 


-14 
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Section  4.— ASIA. 

IXDIA. 

Eailicay  mileaye. — The  following  table  is  coudeused  from  a  table  iu 
the  administration  report  on  "  The  Eailways  of  India"  for  l888-'89,  by 
Lieut.  Col.  L.  Gonway-Gordon,  E.  E.,  director-general  of  railways.  The 
figures  represent  conditions  at  the  end  of  March,  1889 ; 

The  railways  of  India. — (March  31, 1889.) 


Eailways. 


Gaase. 


Total  au- 
thorized. 


Total 
open. 


Total  dou- 
ble track. 


State  imperial. 


East  Indian 

Patna  Gya ]  5 

Diltlarnagar  Gbazipur 5 

Rajputana  Malwa 3 

Pienial-Xatrpur ,  5 

Southern  Mabratta I  3 

Sonthcin  Mabratta  (Mysore  section) I  3 

Indian  Midi  md    I  5 

Villupuram  Dbarmavaram I  3 

Bezvada  extension I  5 

Dbond  Manmad    |  5 

Bbopal  Itarsi  (British  section)  |  5 


Total  in  the  bands  of  companies 


Total  in  the  bands  of  the  Stati 


State  provincial. 
Bareilly  Pilibbit 

Total  in  the  bauds  of  companies 


Eastern  Benjjal. 


Total  in  the  bands  of  the  State. 
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Miles. 

1, 513. 25 

57.25 

12.00 

1,672.50 

827.  00 

1.041.75 

296.  25 

679.  25 

383.  75 

21.  50 

145.  50 

13.00 


Miles. 

1,  513. 25 

57. 25 

12.  00 

1,  664  50 

293.  00 

854.  00 

219.75 

514.  50 

82.75 

21.50 

145.  50 

13.00 


^  5    6  ( 

)  3     3ih 


Northwestern 

Sind-Pisbin,  Cbaman  extension 5 

Oude  and  Rohilkuud ;  5  G 

Bengal  Cential 5  (i 

AVardba  Coal 5  (> 

Jamrau  and  Kashmir  (British  section) 5  6 

Toungoo  Mandalay  exten.sion I  3  3g 


3    32 


C  5  6 
?  3  31; 

(  2  6 

Nalbati 4  0 

Tirboot 3  3j] 

Lncknow-Sitaptir-Sihraman 3  3;; 

Jorhat 2  0 

Cherra  Coniponygan  j 2  6 

Amritsar-Patbankot 5  G 

Burma , 3  32 


G,  663.  00         5,  391.  00 


2,390.50         2,381.25 


27.00 
739. 25 
12,5.  25 

4<i.  50 
8  75 


692.  25 

125.  25 

46  50 


Miles. 
474. 25 


475.  50 


2.25 


'>^3  50  1 

222.00 ; 

1   3,  566.  75  i 

3,  467.  25  : 

2.25 

36  00 

36.  00 

36.00 

36.00  i 



770.  00 

27.25 
273. 25 
124.  00 
30.  75 
Ir,.  00 
64.  75 
335.  75 


673.  25 

27.  25 
273. 25 
106.  00 

30.  75 
7.  .50 

64.75 
333.  00 


29.25 


1,51.5.75  I      29.25 
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The  railwai/ii  of  India. — {Muvch  :>l,  16bU)— Contimiecl. 


Railways. 


Gauge. 


Guaranteed  conipanU's. 

'Ft. 

I    5 

South  Indian 3 

Great  Indian  Peninsula 5 

Bombay,  Baroda   and  Central  India. j    5 


Madias 


Total  jrnuranti'od  cpnii)anies , 

Assisted  companies. 

Davjeeliiig-Hinialayau 2 

Tarakeshwar 5 

Deojiliur 3 

Dibni-Sadiya I  3 

Ben<ral  and  N'orthwestern i  3 

Kohilkuud  and  Kuinaon I  3 

Delhi,  Uniballa  and  Kalka i  5 

Thatou-Duyinzaik ]  2 


Total  au- 
thoriz  d. 


Miles. 
839.  25 
654. 50 

1,  -88.  25 
4tJ1.00 


Total  assisted  companies  .. 
Foreign. 


Pondicheiry  

West  of  India  Portuguese. 


Total  foreign 


Native  States. 


H.  H.,  the  Nizam's  guarantied 

Khamgaon 

Aniraoti 

IT.  H  ,  theGaekwar's '. . 

Jl,  U.,  the  Gaeku-ar's,  V.  M.  H. 

H.  H.,  the  Gaekwar'vS,  A.  P 

Bhopal  Itarsi  (Nati%-e  State  section), 


Total  in  the  hands  of  companies. 


Bbarnagar  G.,  J.,  Porbandar 

Morvi 

Jodhpore 

KojpiiraBhatiiida 

Kolhapur  

Jammuand  Kashmir  (Native  Stat-^  section) . 


Total  in  the  hands  of  the  State 


5  6    I 

5  6    i 

5  6     I 

2  6 

3  31 
5  6 
5  6 


3.  243.  00 


51.00 

22.25 

4.75 

77.50 

510  25 

54.50 

162. 00 

8.00 


).25 


7.75 
51.  00 


.58.  75 


189.  25 
7.50 
5.50 
71.25 
64  50 
22.50 
44.00 


704.  50 


328.  75 

93,00 

123.  75 

113  25 

28.75 
16.00 


703. 50 


Total 
open. 


Miles. 
839.  25 
6.54.  50 

1,288.25 
461.00 


3,  243.  00 


51.  00 
22.25 
4.75 
77.50 
276.  25 
54.50 


8.00 
594.  25 


7.75 
51.00 


58.75 


329. 25 

7.50 

5.50 

58.75 

27.50 


44.00 


472.  50 


259.75 
68.00 

123.  75 
15.25 


466.  75 


Total  dou- 
ble track. 


Miles. 
42.  50 


323. 75 

60.  00 


426.  25 


SUMMARY. 


Railways. 


Total  au- 
thorized. 


Total 
open. 


Total  dou- 
ble track. 


State  Imperial. 


In  the  hands  of  companies 
In  the  hands  of  the  State  . 


State  provincial. 


In  the  hands  of  companies 

In  the  hands  of  the  State  . . 

Guaranteed  companies 

Assisted  companies  — 

Foreign  railways 


Native  States. 


In  the  hands  of  companies 
In  the  hands  of  the  State  . 


Miles. 
6,  663.  00 
3.  866.  75 


36.00 
1,  640.  75 
3,  243.  00 


58.75 


704.  50 
703.  50 


Total. 


17,506.50 


Miles. 
5,391.00 
3,  467,  75 


Miles. 
475. 50 
2.25 


36.00 

1,515.75'  29.15 

3,243.00  426.25 

594.25    

58.75  j 

472.50  ! 

466.  75    

15,245.25  933.25 
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Ge>'EKAL  1\E3iakks  [Forms  of  metal  ties). — Ex[)eiimeiits  with  various 
types  of  metal  ties  have  been  made  dunug  the  last  tweut^-years  on 
different  lines,  the  first  trials  having  been  made  on  the  State  railways, 
about  1873,  and  some  of  tliese  tyi)es  have  been  in  service  for  a  sufficient 
time  to  enable  reliable  data  to  be  gathered  and  conclusions  drawn  as  to 
their  merits  in  point  of  efficiency  and  economy.  TJje  principal  types 
used  may  be  divided  into  the  following  classes:  (I)  Cast-iron  and  steel 
bowls  and  cast-iron  plates  (all  arranged  in  pairs  and  connected  by  the 
rods  or  tie-bars  ;  (2)  Wrougbt-iron  and  steel  cross-ties.  Various  forms 
of  these  types  have  been  used  and  various  methods  of  rail  fastenings 
have  been  tried  with  them,  while  the  different  systems  of  track  have 
been  tried  under  various  conditions  of  road-bed  and  traffic.  Large 
orders  for  cast-iron  plate  ties  and  steel  ties  are  given  out  from  time  to 
time  for  the  State  and  private  lines.  The  cast-iron  bowls  are  said  to  be 
becoming  obsolete,  having  been  found  unsuitable  under  fast  traffic;  al- 
though they  have  done  good  service  in  the  past,  they  are  not  being 
used  much  now  on  new  work,  and  on  lines  where  they  have  been  in 
use  they  are  gradually  being  replaced.  One  objection  to  them  is  the 
difficulty  of  getting  them  properly  packed  with  ballast  so  as  to  keep  the 
track  in  proper  line  and  surface.  Sand  is  the  only  satisfactory  material, 
but  it  must  be  covered  with  stone  or  other  coarse  material  to  prevent 
dust,  and  it  is  liable  to  be  washed  out.  The  cast-iron  plate  ties  ("  Den- 
ham-and-Olpherts"  type)  have  given  very  excellent  results  and  are  in  ex- 
tensive use,  while  large  numbers  are  being  manufactured.  Until  recently 
these  plate  ties  were  nearly  all  imi)orted  from  England,  but  are  now  be- 
ing manufactured  by  at  least  two  iron  works  in  India,  at  Jamalpur  and 
Burraakur  ;  the  home  manufacture  seems  likely  to  become  an  important 
industry.  Details  of  the  manufacture  are  given  elsewhere.  Another 
type  of  tie  which  has  been  extensively  used  within  the  last  few  years, 
and  which  is  giving  satisfactory  results,  is  the  steel  cross-tie  designed 
for  the  lines  of  the  State  railways  system,  and  used  for  lines  of  1  meter 
gauge  and  the  Indian  gauge  of  5  feet  6  inches.  They  have  been  used 
on  frontier  lines  with  heavy  traffic,  and  appear  to  be  the  standard  type 
of  the  future. 

The  following  is  from  a  communication  from  Mr.  T.  W.  Jones,  of  the 
East  Indian  Kailway,  dated  in  October,  1889 : 

Very  few  metal  ties  are  used  ou  our  meter-gan<^e  lines;  most  of  tlieui  use  sal  oi-  de- 
odar wood.  I  have  had  charge  of  from  TO  to  100  miles  of  track  for  the  last  twenty 
years,  and  have  had  experience  with  oval  and  round  cast-iron  bowls,  Barlow's  longi- 
tudinals, Denhaiu  ties,  and  three  patterns  of  Dt-nham-Olplierts  ties.  Bowls  do  well 
in  side-tracks,  but  are  not  suited  lor  high  speeds,  as  when  well  packed  tbey  make  a 
very  unyielding  track,  while,  if  loosely  packed,  they  break.  Barlow's  system  is  a 
longitudinal  with  two  chairs  cast  on  it,  and  an  angle-iron  tie  bar  is  bolted  to  the  plates 
at  the  middle ;  these  also  do  well  in  side-tracks,  but  break  lengthwise,  under  the 
rail,  when  run  over  at  high  speed.  The  Denham  cast-iron  plate  ties  give  good  re- 
sults but  have  three  weak  lioiuts:  First,  the  wooden  key  for  the  mils:  second,  the 
wooden  block  under  the  chair;  third,  the  tie-bar.  which  does  not  hold  the  rails  to- 
gether after  the  plates  break.     It  can,  however,  be  packed  with  any  sort  of  ballast, 
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:itHl  makes  a  smooth  track  ;  tho  number  of  breakages  is  also  vciy  .small.  1  have  had 
experience  with  all  classes  and  \vei;;hts  of  the  Denham-Olpherts  cast-iron  plate  ties, 
and  think  the  present  8ha])e  is  far  the  best  cast-iron  tie  that  has  been  made  np  to 
date.  The  first  Denliam-Olpherts  tic  was  of  a  much  lighter  section,  and  the  rail 
instead  of  bein^  suspended,  as  now,  by  the  top-table,  rested  on  wooden  blocks;  as 
the  blocks  became  crushed  and  also  on  account  of  the  lightuess  of  the  outer  jaws, 
the  number  broken  in  the  first  year  was  larger  than  it  is  now.  This  explains  the 
average  of  .84  per  cent,  on  page  15  of  your  report  [preliminary  report;  Bulletin  No. 
Ill — E.  E.  R.  T],  although  I  have  never  heard  of  the  percentage  being  more  than 
.70  per  cent.,  and  this  only  where  light  plates  were  used  and  the  men  were  careless. 
The  average  now  is  about  .40  per  cent.,  I  believe.  The  Indian  Midland  Railway 
has  only  used  the  latest  type,  and  this  explains  the  small  number  of  breakages  on 
that  line.  Bowls  of  corrugated  steel  have  been  largely  used  on  the  Oude  and  Rohil- 
kund  Railway,  where  they  are  packed  with  sand;  but  although  better  than  the  cast- 
iron  bowls,  they  are  not  satisfactory  where  the  speed  is  high  and  rolling-stock  heavy. 
Tozer's  steel  cross-tie  (see  England)  has  been  used  on  some  of  the  state  lines  with 
double-headed  rails.  With  flange  rails  a  steel  cross- tie  similar  to  that  iu  use  on  the 
Northeastern  Railway  of  England  has  been  tried.  This  latter  type  has  been  adopted 
as  the  standard  on  the  new  Bengal  Xagpur  Railway,  but  engineers  of  experience  are 
of  opinion  that  the  metal  will  soon  be  rusted  away,  especially  on  the  sand}*  plains, 
where  there  is  a  good  deal  of  salt  in  the  earth. 

The  advantages  of  using  the  Deuham-Olpherfcs  ties  iu  India  are  as  follows:  (1) 
Every  part  can  be  made  in  the  country  by  uneducated  native  workmen,  and  without 
very  expensive  machinery,  at  a  lower  price  than  is  paid  for  good,  hard  wood  ties. 
The  cost  of  good  sal  ties  is  5  rupees  to 5  rupees  4  annas  (ii^l.67  to^l.75y,  chairs,  spikes, 
keys,  etc.,  48  cents,  or  a  total  of  6  rupees,  8  annas  to  6  rupees  12  annas  (|2.16  to  $2.24) 
per  tie,  while  the  metal  tie  costs  .'S  rupees  8  annas  (Si. 83)  complete.  The  wooden  ties 
when  removed  from  the  track  can  be  sold  for  8  to  16  annas,  while  the  cast-iron  ties, 
which  cost  55  rupees  ($18.33)  per  ton  when  new,  are  wortk  30  rupees  ("^lO)  per  ton  as 
scrap  ;  a  new  tie  can  almost  be  made  out  of  the  remains  of  an  old  one.  At  present 
we  have  no  appliances  for  working  up  old  steel  ties  into  new  ones.  (2)  There  is  no 
darjger  from  fire,  and  in  a  country  where  on  a  May  morning  three  or  four  ties  some- 
times catch  fire  on  a  mile  of  track,  this  is  an  important  point.  (3)  There  are  no 
wooden  keys  to  keep  tight  or  renew.  (4)  There  are  no  spikes  to  work  loose  or  break, 
or  for  the  villagers  to  steal.  (5)  The  gauge  is  always  preserved  and  does  not  require 
constant  adjusting.  I  find  that  Denham-Olpherts  ties  require  to  be  carefully  packed 
at  least  three  times  before  the  ballast  is  boxed  up.  In  this  respect  they  are  at  first 
a  little  more  trouble  than  wooden  ties,  but  once  they  get  a  good  bearing  they  stand 
three  times  as  long  as  wooden  ties.  The  rails  do  not  creep  nearly  as  fast  where  Den- 
ham-Olpherts ties  are  used,  and  the  lower  table  of  the  rails  does  not  get  marked  or 
indented  as  on  track  where  it  is  supported  in  chairs,  and  it  is  consequently  available 
for  service  after  the  upper  table  is  worn  out.  About  two  years  ago  a  young  in- 
spector on  a  state  railway,  who  was  then  using  Denham-Olpherts  ties  for  the  first 
time  wrote  to  me  in  great  distress  ;  the  ballast  was  very  poor,  and  he  said  that  do 
w^hat  he  would  the  ties  were  continually  loose.  I  replied  that  a  little  patience  was 
necessary  and  that  when  once  he  had  his  Denham-Olpherts  ties  properly  bedded 
he  would  find  little  trouble  with  them  and  could  reduce  his  maintenance  gangs. 
Twelve  mouths  later  he  wrote  again,  saying  that  his  down  track,  which  was  laid 
with  the  Denham-Olpherts  ties,  gave  25  per  cent,  less  trouble  than  the  up-track,  which 
was  laid  with  wooden  ties,  and  he  only  wished  the  chief  engineer  would  allow  him  to 
relay  the  up-track.  The  saving  in  labor  is  even  more  apparent  after  the  fourth  year 
when  a  track  on  wooden  ties  begins  to  need  a  lot  of  repairs,  unless  the  renewal  of 
ties  has  gone  on  systematically  and  carefully  all  the  time.  Even  where  wooden  ties 
are  changed  monthly,  there  is  generally  an  extra  large  number  to  renew  after  a  cer- 
tain period  and  this  continual  pulling  about  of  the  track  does  not  conduce  to  smooth 
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runniug.  Dnriug  llio  liot  months  it  is  aluiost  impo8.sil»le  to  keei>  woodeu  keys  ii» 
the  chairs,  even  with  a  niau  to  every  *2  miles  of  rails  ;  aud  the  villagers  beiug  ver^ 
fond  of  irou  spikes,  wliich  they  fmd  useful  for  makiug  agricultural  implements,  a 
great  number  are  stolen  annually;  I  have  known  200  taken  in  one  night  from  a  mile 
of  track.     This  explains  why  1  prefer  metal  ties. 

We  use  the  hardest  stone  procurable,  broken  from  three-fourths  inch  to  2  inches 
diameter,  or  cube,  for  ballast,  and  when  a  road  is  laid  with  at  least  C  inches  of  this 
under  the  tics,  the  Denham-Olpherts  tie  gives  as  elastic  a  track  as  can  be  desired. 
Most  cast-iron  ties  are  unpleasantly  rigid,  and  thus  damage  the  rolling  stock.  One 
of  the  gravest  defects  in  many  of  the  steel  ties  used  with  iiange  rails  is  that  a  rail 
can  not  be  renewed  without  bending  one  of  the  clips,  which  fit  over  the  flanges,  and 
this  forcing  of  the  clips  upwards  often  results  in  breaking  them  and  the  tie  is  then 
comparatively  useless.  With  mild  steel  this  ought  not  to  occur,  but  there  is  no 
gainsaying  the  fact  that  large  numbers  may  be  seen  which  have  been  damaged  in  this 
way.  One  type  of  tie  did  not  admit  of  the  rail  being  taken  out  at  all,  and  the  only 
way  in  which  a  defective  tie  could  be  removed  was  by  taking  off  the  fish-plates,  slew- 
ing the  rails  out  of  line,  and  then  slipping  the  ties  off  the  end  one  by  one.  Most  of 
the  steel  ties  are  also  made  of  metal  far  too  thin  for  the  heavy  strains  which  ties  have 
sometimes  to  bear,  when  improperly  packed  or  when  owing  to  the  bank  sinking  they 
are  left  partially  unsupported.  Of  course  this  is  done  to  lower  the  price,  but  such 
ties  can  not  be  economical,  and  railway  engineers  would  do  well  to  refuse  to  have 
anything  to  do  with  ties  which  are  only  three-eighths  inch  thick.  Plates  one-hall' 
inch  thick  give  much  better  results  and  are  cheaper  in  the  end. 

Ballast  for  metnl  ties. — Different  materials  have  been  used;  sand, 
gravel,  burnt  clay,  broken  brick,  and  broken  stone ;  the  first  two  are 
principally  used  with  metal  ties.  According  to  a  paper  on  Stone  bal- 
last in  India,  in  the  Railroad  Gazette,  New  York,  May  3,  1889,  the 
cast-iron  bowls  were  not  found  suitable  for  fast  traffic  on  account  of 
their  making  a  very  rigid  road  and  the  large  number  of  breakages. 
For  packing  these  bowls,  fine  sand  was  generally  used,  and  in  some 
cases  where  they  were  packed  with  gravel  or  broken  brick  the  results 
were  very  bad,  "from  25  to  40  per  cent,  having  failed  in  two  years 
under  moderate  traffic."  Where  sand  was  used  an  upper  layer  of  brick 
or  stone  about  3  inches  thick  was  found  necessary  in  order  to  prevent 
the  sand  from  flying  up  and  damaging  the  machinery  and  bearings  of 
the  engines  and  rolling  stock.  In  one  or  two  cases  where  hard  stone  1 
to  H  inches  in  diameter  was  used,  very  good  results  were  obtained,  and 
the  track  was  more  elastic  than  with  sand  or  any  other  description  of 
ballast.  The  Denham-Olpherts  cast-iron  plate  ties  are  usually  packed 
with  hard  stone  ballast,  but  where  double-headed  rails  are  used  (the 
rails  being  suspended  by  the  head  instead  of  resting  in  the  chairs)  the 
track  is  as  elastic  as  track  on  wooden  ties.  Sand,  gravel,  and  stone  are 
used  with  the  steel  cross-ties. 

Wood€)i  vs.  metal  ties. — The  wooden  ties  used  are  mainly  of  imported 
creosoted  fir,  or  of  native  sal  or  deodar,  the  sal  being  the  best  for  the 
purpose.  There  has  naturally  been  considerable  controversy  over  the 
respective  merits  of  wo()den  and  metal  ties,  the  former  being  indorsed 
by  some  few  engineers,  but  mainly  by  parties  interested  in  private  forest, 
properties.  The  testimony  of  n  umerous  eminent  and  practical  engineers 
in  favor  of  the  latter,  and  the  steady  increase  of  their  use  after  years 
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of  experimeut  ami  experience,  brings  the  balance  of  competent  opinion 
decidedly  in  favor  of  the  metal  ties.  In  February,  1888,  the  following 
prices  were  given  by  a  correspondent  of  Indian  Engineering,  a  Calcutta 
paper,  the  prices  for  the  wooden  and  cast-iron  ties  being  those  of  the 
East  Indian  Ivailway  and  that  of  the  steel  ties  of  the  Oude  and  Kohil- 
kund  Railway:  Sfd  and  deodar  ties  cost  5  rupees  ($1.G0)  and  3  rupees 
8  annas  ($1.16)  each,  respectively;  but  as  the  iron  chairs  and  fasten- 
ings cost  1  rupee  13  anuas  9  pice  (60  cents),  the  total  cost  per  tie  was  6 
rupees  13  annas  9  pice  ($2.26)  and  5  rupees  5  annas  9  pice  ($1.76)  each, 
respectively.  The  Denham-Olpherts  cast-iron  plate  ties  cost  5  rupees 
13  annas  ($1.91)  each  complete,  and  the  steel  ties  9  rupees  4  annas 
($3.05)  each,  imported.  The  average  life  of  a  deodar  tie  is  about  ten 
years  and  of  sal  about  eighteen  years ;  other  authorities  give  the  life  at 
twelve  years  for  sal,  seven  years  for  deodar,  and  five  years  for  creosoted 
pine.  The  number  of  renewals  has  been  put  at  about  10  per  cent,  per 
annum  for  wood  and  1  per  cent,  per  annum  for  Denham-Olpherts  iron 
ties.  Jungle- wood  ties  have  been  tried  on  the  Rohilkund  and  Kumaon 
Eailway,  but  the  wood  was  found  unsuitable  for  this  purpose,  as  it  can 
not  stand  exposure  to  wet  and  rain,  and  decays  very  rapidly.  At  the 
beginning  of  1887  there  were  70,000  of  these  ties  in  the  track,  but  during 
that  year  21,000  were  renewed,  and  in  the  first  half  of  1888  over  17,000 
were  renewed,  that  is  to  say,  in  eighteen  months  more  than  half  the 
ties  on  the  line  had  been  renewed.  Sal  was  used  in  place  of  the  jungle 
wood,  and  the  company's  report  of  IN^ovember,  1888,  stated  that  there 
were  at  least  5  sal  ties  under  every  rail.  The  weight  of  the  heaviest 
wooden  tie,  with  chairs,  spikes,  etc.,  complete,  is  about  240  pounds ; 
and  of  deodar  ties  180  pounds. 

It  has  been  claimed  that  in  case  of  derailment  there  is  likely  to  be 
less  damage  to  track  and  rolling  stock  if  the  accident  occurs  where 
wooden  ties  are  used  than  would  be  the  case  where  metal  ties  are  used  ; 
while  this  may  be  true  to  some  extent,  the  metal  tie  is  likely  to  give  a 
better  and  safer  track  and  less  liable  to  derailment  than  a  wooden  tie. 
European  experience  has  shown  that  a  steel-tie  track  can  be  made  to 
withstand  derailments,  and  the  Sind-Pishin  Railway  in  India  has  put 
in  a  hydraulic  press  for  reshaping  steel  ties,  and  steel  ties  damaged  in 
this  or  other  ways,  have  been  repaired  at  small  cost  and  put  in  service 
again. 

The  following  comparative  estimates  of  the  cost  and  expenses  of 
wooden  and  metal  ties  appeared  in  the  Indian  Engineer  during  1888.  The 
first  is  for  deodar  wood  and  Denham-Olpherts  cast-iron  ties  in  main 
track  ;  and  the  second  is  for  sal  wood  and  cast-iron  bowls  for  sidings. 
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Xo.  1  (ivood). 

1,  760  deodar  ties,  -with  fittings,  at  5  rupees  1  anna 
79,  200  cubic  yards  ballast,  at  5  rupees  per  100 


Less  value  of  1,760  fire-wood  ties,  at  4  annas  (8  cents),  when  taken  out  of  track. 
Balance 

No.  1  (iron). 

1,760  Denliam-Olplierts  ties,  complete,  at  6  ruijees 

55,440  cubic  feet  of  ballast,  at  5  rupees  per  100 


Less  value  of  3,520  plates  and  3,520  jaws  when  broken,  less  5  per  cent,  for  los.^ 
of  small  pieces  =  148^  tons,  at  30  rupees  ($10 .) 


;     TJnited 
Rupees,  i  States  cur- 
rency. 


8.910 
3,960 

$2,  970.  00 
1,  320.  00 

12,  870 
440 

4,  290.  00 
146.66 

12,430  ': 

4, 143.  3-1 

10,  560 

3,  .^-20.  00 
924.  00 

Balance . 


13.332  4,444.00 

4,455  1,485.00 

8.877  i        2,959.00 


This  shows  a  saving  of  3,553  rupees  ($1,184.34)  per  mile  by  using'  iron 
instead  of  wooden  ties,  sui)posing  the  life  of  each  to  be  the  same  ;  but 
as  the  former  will  last  at  least  twice  as  long  as  sal,  and  three  times  as 
long  as  deodar,  the  economy  is  still  greater. 


iVo.  2  {wood). 

1,600  sAl  ties,  at  5  rupees  each 

3,200  cast-iron  chairs  (21  pounds)  8  annas  each 
6,400  wrought-iron  spikes  at  1  anna  each 

Total 

Xo.  2  (iron). 

1,600  bowl  ties,  complete,  at  7  rupees  each  — 
Extra  cost  of  laying 

Total 


Kupees. 


8,000 

1,600 

400 


10,  000 


11,200 
100 


11,  300 


United 
States  cur- 
rency. 


$2,  666.  66 
533.  34 
133.33 


733.  33 
33.33 


766.  66 


The  saving  in  first  cost  would,  therefore,  be  1,300  rupees  ($433.33)  per 
mile  in  favor  of  the  wooden  ties.  Under  the  most  favorable  conditions 
the  cost  of  the  track  with  wooden  ties  for  50  years  would  be  as  follows : 


Rupees. 

10.  000 
16,  000 

26,  000 

United 
States  cur- 
rency. 

$3,  333.  33 

Two  renewals  1  600  by  2  new  ties  at  ,5  rupees              ....     ......... 

5,  333.  33 

Xotal                                     .        .          .              

8,  666.  66 

The  value  of  the  wooden  ties  taken  out  would  not  more  than  pay  the 
cost  of  labor  in  taking  out  the  old  and  putting  in  new  ties,  and  may 
therefore  be  left  out  of  consideration.  The  cost  of  the  trark  with  iron 
ties  for  the  same  period  would  be  11,300  rupees  ($3,766.66)  per  mile  for 
first  cost  and  labor,  or  a  total  saving  of  14,700  rupees  ($4,900)  per  mile 
in  favor  of  the  metal  ties.     In  such  side-tracks,  except  in  case  of  acci- 
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deut,  the  life  of  these  metal  ties  may  be  estimated  at  fifty  years,  whiU^. 
wooden  ties  require  renewal  every  twelve  or  fifteen  years,  it  beinir  an 
undoubted  fact  that  white  ants,  wet  and  dry  rot,  etc.,  destroy  wooden 
ties  much  faster  in  sidings  than  in  the  main  track. 

There  are  materially  difterent  conditions  in  difierent  parts  of  so  large  a 
country;  but,  speaking  generally,  wood  is  not  procurable  in  quantity  as 
a  rule,  and  must  therefore  be  transported  from  one  section  to  another  to 
a  ceitain  extent.  In  Bengal  TkOoden  ties  last  about  five  years,  as  they 
soon  si)lit  under  the  intense  heat  and  rot  during  the  rainy  season.  In 
Burmah  iron- wood  and  teak  ties  are  used;  the  former  is  not  attacked  by 
the  white  ants  and  is  little  affected  by  dry  rot,  the  latter  is  softer  aud 
lasts  about  8  or  10  years.  Native  hard  and  soft  woods  cost  too  much  and 
are  not  obtainable  in  sufficient  quantity ;  imported  creosoted  pine  is 
cheaper  but  not  durable.  The  tropical  climate  is  hard  on  wood,  and  the 
white  ants  destroy  large  quantities  of  timber  in  a  very  short  time.  Metal 
in  some  form  or  other  is  surely  taking  the  place  of  wood.  Sir  A.  M.  Ren- 
del,  consulting  engineer  of  state  railways,  states  that  the  cast-iron  plates 
aud  steel  crossties,  though  dearer  in  first  cost  than  imported  Baltic  tim- 
ber, aud  in  Upper  India  than  sal  or  deodar,  are  cheaper  in  maintenance 
than  any  kind  of  wood.  Metal,  taking  durability  into  account,  is  cer- 
tainly more  economical,  and  in  Bengal  steel  ties  are  used  for  cheapness 
and  because  timber  is  not  procurable  with  facility  or  in  sufficient  quan- 
tity. The  advantages  of  metal  are  eminently  in  economy.  Comparisons 
made  by  engineers  on  the  state  railways  between  tracks  with  metal  and 
tracks  with  wooden  ties  show  decidedly  in  favor  of  the  former.  But 
metal  ties  are  also  more  efficient,  and  one  of  these  engineers  stated  in 
his  report  that,  in  his  opinion,  metal  ties  should  be  used  in  preference 
to  wooden  ties  even  if  the  latter  were  obtainable  sufficient  in  quantity 
aud  quality  at  the  existing  prices-  It  is  difficult  to  obtain  a  large  and 
regular  supply  of  wooden  ties,  and  the  price  of  timber  is  said  to  have 
been  doubled  during  the  last  twenty  years. 

Tie-bars. — When  separate  pieces  are  used,  connected  by  a  transverse 
tie  bar  or  tie-rod,  as  in  the  case  of  cast  iron  bowls  or  plates,  experience 
has  shown  that  each  pair  should  be  so  connected.  In  the  case  of  floods 
on  the  Northwestern  Railway  in  November,  1887,  at  a  part  where  only 
the  alternate  pairs  of  bowls  were  connected  by  tie-rods,  the  sinking  or 
softening  of  the  embankment  allowed  the  disconnected  bowls  to  part 
when  the  weight  of  an  engine  came  upon  them,  and  a  train  was  thereby 
derailed  aud  wrecked.  After  that  it  was  decided  to  put  a  tie-bar  to 
every  pair  of  bowls. 

Bowl-ties. — In  The  Indian  Engineer,  January  16,  1889,  it  was  stated 
that  about  twenty-three  years  previous  this  type  of  track  was  not  in 
favor  on  the  Madras  Railway,  and  large  stocks  were  allowed  to  lie  on 
the  beach  at  Royapurani  for  months  together;  now  it  is  the  standard 
for  the  whole  line.  More  than  twenty  years  ago  the  East  Indian 
Railway  Company  found  that  this  same  form  of  tie  was  unsuited  for  a 
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line  with  lijoh  speeds  and  heavy  loads,  and  they  were  either  replaced 
b3^  some  other  type  or  used  in  sidings  only;  in  the  face  of  this  the  Great 
Indian  PeninsuUi  Railway  still  adheres  to  it  as  its  standard  tie,  and  is 
not  onlj'  using  it  for  maintenance,  but  also  on  the  doubling  of  the  line 
which  is  being  pushed  on  vi<^orousl3'.  The  Indian  Midland  liailway  is 
also  using  it,  and  the  Sind,  Punjab,  and  Delhi  section  of  the  Xorth west- 
ern Railway  is  still  laid  with  bowls  for  some  distance,  although  in  this 
part  of  the  country  they  are  not  held  in  such  high  estimation  as  formerly. 
The  Oude  and  Rohilkund  Railway  is  now  using  a  bowl-tie  of  corrugated 
steel.  Mr.  Ernest  Benedict,  in  a  paper  on  Metal  Sleepers  for  Railways, 
read  before  the  Institution  of  Engineers  and  Shipbuilders,  Glasgow, 
Scotland,  in  March,  1877,  mentioned  the  following  roads  as  using  cast- 
iron  bowls:  Madras  Railway,  800  miles;  Oude  and  Rohilkund  Railway, 
444  miles;  Great  Southern  of  India  (South  Indian),  80  miles;  Scinde, 
Punjab,  and  Delhi  Railway;  Bombay,  Baroda,  and  Central  India  Rail- 
way; East  Indian  Railway;  Eastern  Bengal  Railway;  Calcutta  and 
Southeastern  Railway. 

The  Government,  in  1875,  decided  against  cast-iron  bowl  sleepers  (ties)  on  the 
Madras  Railway  and  in  Bengal,  on  the  ground  of  their  extra  cost  as  compared  with 
wooden  sleepers.  They,  however,  made  a  proviso  that  if  iron  sleepers  could  be  made 
in  India  of  native  iron  this  conclusion  might  be  reversed.  The  question  of  the  com- 
parative advantage  of  wooden  and  iron  sleepers  should,  they  said,  be  treated  from  a 
purely  financial  point  of  view;  that  is,  all  payments  whether  in  first  cost,  renewals, 
or  inf^rest  on  both,  should  be  taken  as  part  of  the  money  spent  on  the  sleepering. 
Supposing  the  bowls  to  last  twenty-four  years,  the  total  amount  spent  on  them  (in- 
cluding prime  cost,  renewals,  and  interest)  would  come  to  36,846  rupees  a  mile  at  the 
end  of  the  twelfth  year,  and  74,063  rupees  at  the  end  of  the  twenty-fourth  year. 
Taking  the  bowls  to  last  fifty  years,  the  figures  would  be  32,734  rupees  and  62,574 
rupees.  With  wooden  sleepers  lasting  twelve  years,  the  cost  woukl  be  23,530  rupees 
and  52,551  rupees,  respectively. 

Mr.  Benedict  believed  at  that  time  in  a  comparatively  small  bowl,  of 
circular  form,  with  the  bearing  in  the  center;  plenty  of  these  ties  to  be 
used  and  each  pair  connected  by  a  tie-bar.  He  considered  them 
stronger,  handier  for  the  natives,  and  more  firm  in  the  ballast.  While 
they  had  not  been  tried  on  lines  with  very  heavy  traffic,  he  believed 
thej^  would  answer  on  all  other  lines,  and  in  side  tracks  would  be  prac- 
tically everlasting.  In  regard  to  the  white  ants,  he  stated  that  they 
work  in  a  covered  way  of  clay  ;  they  could  not  bear  the  shaking  of  a 
railway  which  destroyed  their  covered  way,  and,  therefore,  did  not 
attack  ties  in  the  main  track. 

In  some  cases  the  bowls  were  found  to  make  too  rigid  a  track,  and 
in  some  rock  cuts  it  became  necessary  to  put  a  greater  depth  of  ballast 
under  them. 

Manufacture  of  ties  in  J?if?m.— Cast-iron  ties  are  now  manufactured 
at  the  Burrakur  Iron  Works,  Burrakur,  Bengal,  and  at  the  works  of 
the  East  Indian  Railway  Company,  at  Jamalpur,  Bengal.  The  engi- 
neering press  advocates  the  establishment  of  more  extensive  works,  so 
as  to  make  the  manufacture  of  ties  and  other  material  for  railways  and 
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general  use  a  home  industry,  instead  of  importing  so  largely  from 
England  as  at  present.  There  is  abundance  of  good  ore,  with  coal  and 
limestone,  all  practically  uuworked,  while  thousands  of  tons  of  cast- 
iron  ties  are  brought  from  England  every  year,  and  the  railways  have 
large  stocks  of  old  rails  on  hand.  Experience  at  the  railway  shops  and 
foundries  has  shown  that  native  labor  can  be  utilized.  The  Govern- 
ment has  been  urged  to  assist  in  this  enterprise,  and  there  have  been 
propositions  to  establish  steel  works  at  Burrakur.  The  Burrakur  Iron 
Works  supply  pig-iron  and  manufacture  large  quantities  of  railway 
chairs  and  ties.  In  February,  1888,  it  was  reported  that  they  were 
carrying  out  a  large  order  for  Denham-Olpherts  plate  ties,  at  the  rate 
of  10,000  per  month.  The  prices  of  chairs  and  ties  was  about  3  rupees, 
Saunas  per  112  pounds  (about  97  cents  per  pound) ;  or  55  to  58  rupees 
($18.33  to  $19.33)  per  ton.  From  Mr.  Ritter  von  Schwarz,  superintend- 
ent of  the  works,  I  have  received  a  very  full  report.  Jamalpuris  prac- 
ticall}"  a  railway  town,  having  the  works  of  the  railway  compan^^,  while 
the  majority  of  the  inhabitants  are  employed  in  the  offices  or  work- 
shops. At  the  foundries,  attention  has  been  given  to  the  production 
of  the  Denham-Olpherts  plate  ties,  the  company  using  its  own  scrap, 
supplemented  by  pig-iron  from  the  Burrakur  Iron  Works.  About 
10,000  tons  of  castings  have  been  worked  up  into  100,000  of  these  ties. 
During  the  year  ending  March  31,1889, 100,000  of  these  ties  were  made, 
and  the  men  were  then  at  work  on  a  number  for  the  Patna-Gya  Rail- 
way. At  the  end  of  1888,  the  shops  turned  out  400  or  500  complete 
ties  per  day.  A  large  quantity  of  the  Burrakur  iron  was  used,  the  use 
of  imported  iron  having  been  suspended.  The  wrought-iron  for  the  tie- 
bars,  keys,  etc.,  is  made  from  old  rails  and  other  scrap,  and  rolled  by 
the  company's  rolling-mill,  which  is  said  to  be  the  only  one  in  India 
and  is  worked  with  marked  success.  Having  fouud  that  considerable 
economy  would  result  from  manufacturing  the  ties  for  its  own  lines, 
the  company  has  engaged  an  inspector  from  England  to  superintend 
the  work  and  to  carry  out  the  tests  required  by  the  specifications 
adopted  for  similar  ties  manufactured  in  England. 

Cast-iron  vs.  steel  ties. — There  is  naturally  considerable  difference  of 
opinion  between  the  advocates  of  cast-iron  and  steel  ties,  and  the  matter 
of  breakages  and  damages  to  track  in  cases  of  derailment  of  trains  is 
one  of  the  disputed  points.  A  correspondent  of  Indian  Engineerhig, 
March  24,  1888,  stated  that  in  February,  1888,  a  spare  tender  was  de- 
railed at  a  crossing  and  dragged  for  200  feet  over  a  track  laid  with  Den- 
ham-Olphert's  cast-iron  plate  ties  without  doing  any  damage  ;  the  track 
was  fully  ballasted.  He  also  instances  a  case  in  which  the  middle  car 
of  a  train  was  derailed  and  dragged  nearly  one-fourth  of  a  mile  over  a 
track  laid  with  wooden  ties  ;  everj^  deodar  and  fir  tie  was  damaged,  many 
being  broken  in  two,  and  having  to  be  taken  out ;  the  track  had  been 
opent'd  out  for  repairs,  and  the  ties  were  uncovered.  In  this  connection 
it  should  be  noted  that,  while  accidents  are  among  the  points  to  be  con- 
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sideied,  tUey  are  of  comparatively  minor  importance  to  the  question, 
and  it  must  be  remembered  that  the  results  of  accidents  are  very  vari- 
able. In  one  case  a  derailed  wheel  may  cause  very  little  damage  to  the 
track,  while  in  a  similar  case,  and  under  apparently  similar  conditions 
the  track  may  be  practically  destroyed.  As  a  rule,  cast-iron  is  not  consid- 
ered by  engiueers  as  a  suitable  material  for  such  use  in  railway  track, 
owing  to  its  liability  to  fracture  under  sudden  or  heavy  shocks ;  and,  while 
under  certain  conditions,  this  material  has  given  good  results  and  has  been 
extensively  used,  the  general  experience— including  that  of  India- 
points  to  steel  as  the  metal  most  suitable  in  every  way  lor  railway  ties. 
The  correspondent  above  referred  to  is  an  advocate  of  cast-iron  ties,  and 
claims  that  steel  ties  can  not  be  made  in  India,  have  little  if  any  value 
as  scrap,  and  are  ditficalt  to  tamp.  He  thinks  the  minimum  weight  of  a 
steel  tie  should  be  160  pounds.  The  future  growth  of  industry  in  India 
may  include  the  establishment  of  steelworks,  as  noted  in  the  preceding 
paragraph,  and  certainly  the  steel  ties  are  very  highly  s[)oken  of  by 
competent  authorities.  It  is  said  that  the  Indian  Government  has 
adopted  the  steel  tie  for  the  State  and  frontier  lines,  on  account  of  the 
danger,  from  a  military  point  of  view,  attending  the  use  of  cast-iron 
bowls.  Experiments  have  shown  that  a  road  on  the  latter  can  be  de- 
stroyed in  a  very  short  time  with  a  few  sledge-hammers.  It  would  seem, 
however,  that  the  same  sledges  might  be  used  to  knock  out  the  key 
fastenings  of  the  steel  ties  for  a  few  rail  lengths  and  the  rails  removed  : 
but,  of  course,  with  cast-iron,  the  jaws  would  be  knocked  and  the  bowls 
cracked,  rendering  them  quite  useless.  As  regards  the  cast  iron  plate 
ties,  it  is  said  that  cracked  plates  have  been  kept  in  the  track  without 
showing  any  tendency  to  shift. 

Steel  ties. — The  steel  ties  which  are  now  so  extensively  used  were  de- 
signed by  Sir  A.  M.  Rendel,  consulting  engineer  for  State  railways,  and 
have  given  excellent  results,  while  the  key  or  wedge  fastening  used  has 
proved  very  successful  in  service.  The  ties  are  of  mild  steel,  and  are 
manufactured  by  most  of  the  large  steel  works  in  England.  Mr.  Rendel 
states  that  any  danger  from  rust  is  very  remote,  and  that  the  ties  will 
stand  under  heavy  traffic.  Up  to  1888  about  525,000  tons  of  steel  ties 
had  been  sent  out  from  England,  and  about  70,000  or  80,000  tons  have 
been  sent  out  since  that  time.  An  objection  which  has  been  made 
against  some  of  these  ties  is  that  there  is  extra  trouble  in  renewals ;  the 
arrangement  of  the  clips  or  lugs  is  such  that  the  rails  have  to  be  canted 
in  order  to  fit  the  flange  of  the  rail  on  to  the  seat,  and  the  objection  is 
that  to  renew  one  tie  two  rails  must  have  the  j,oints  unfastened,  the 
keys  all  driven  out,  and  must  then  be  lifted  out :  the  old  tie  is  then  re- 
moved, the  new  one  put  in  its  i)lace,  the  rails  put  back,  keys  re-driven 
and  joints  fastened.  One  way  of  avoiding  this  trouble  is  to  bend  back 
one  of  the  lugs  of  the  tie  sufficiently  to  allow  the  tie  to  drop  from  the 
rail  when  the  ballast  is  removed,  but  it  is  difficult  to  get  a  purchase  on 
the  lugs  while  the  tie  is  in  place.     The  trouble  may  be  reduced  by  taking 
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out  Olio  rail  only,  and  then  tilting'  np  the  tree  end  of  the  tie  nntil  the 
other  end  can  be  slii)i)ed  ott  the  niil-tlange.  The  objection  does  not,  of 
course,  obtain  with  ties  which  have  the  clips  sufficiently  wide  apart  to 
admit  the  rail-tlange  horizontally.  The  engineers  of  the  roads  using 
these  ties  have  reported  very  favorably  of  them.  (Notes  of  special  re- 
ports will  be  found  included  in  the  matter  relating  to  the  Noi  thwestern 
Railway,  Southern  Mahratta  Railway,  Sind-Pishin  Railway,  Nizam's 
Kailway,  and  South  Indian  Railway.)  Mr.  Bull,  of  the  Cuddapah- 
Xellore  ]\ailway,  (Yillupuram-Dharmavaram  system),  and  Mr.  Lyle,  of 
Nizam's  Railway,  have  suggested  that  small  holes  on  the  top,  at  the  ends, 
would  facilitate  proper  tamping.  Sir  Juland  Danvers,  in  a  paper  ou 
''  The  Progress  of  Railways  and  Trade  in  India,"  read  before  the  Society 
of  Arts,  England,  in  March,  1889,  said:  "A  steel  sleeper  is  used  and 
found  very  serviceable."  Some  steel  ties  of  the  "  Post  "type  (Nether- 
lands State  Railways)  have  been  designed  for  India,  but  not  yet  intro- 
duced. 

Contracts  for  metal  ties. — The  tbllowing  is  a  list  of  some  of  the  con- 
tracts awarded  during  the  last  two  or  three  years ;  it  is  by  no  means 
complete,  or  even  approximately  so,  but  will  serve  to  show  that  these 
ties  are  now  tirmly  established  in  India,  and  that  the  experimental  stage 
has  been  passed,  the  ties  being  ordered  from  time  to  time  like  any  other 
track  material : 

Indian  State  Railways  :  Steel  ties,  July  19,  1887,  December  4,  1888; 
steel  and  cast-iron  ties,  August  27,  1889. 

East  Indian  Railway  Company :  Oast  iron  plate  ties,  April  7,  1887, 
January  20,  1888,  P'ebruary  14,  1889,  November  14,  1889;  steel  ties, 
October  31,  and  November  12,  1880. 

Bengal  and  Nagpur  Railway  Company:  Steel  ties,  May  23,  1887 
(180,000),  February  28,  1888,  October  30,  1888  (216,000),  June  4,  1889 
(375,000). 

Southern  Mahratta  Railway  Company :  Steel  ties,  November  28, 1888, 
April  17,  1889. 

Indian  Midland  Railway  Company:  Cast-iron  bowls,  June  7,  1888. 

Madras  Railway  Company:  Cast  iron  bowls,  December  7, 1888. 

South  Indian  Railway  Company:  January  31,  1888(12,684  tons  of 
cast-iron  bowls),  November  27,  1888  (23,965  tons  of  steel  ties),  Febru- 
ary 5,  1889  (9,513  tons  of  cast-iron  bowls),  July  2,  1889. 

Bombay,  Baroda  and  Central  India  Railway  Company  :  October  18, 
1887,  and  February  11,  1889  (steel) ;  July  9,  1889  (cast-iron). 

Delhi,  Umballa  and  Kalka  Railway  Company :  February  27,  1889 
(100,000  pairs  of  cast-iron  plate  ties.) 

IiN^DiAN  State  Railways. — About  twelve  or  fourteen  years  ago, 
according  to  a  statement  by  an  engineer  formerly  connected  with  these 
roads,  the  state  railways  were  using  on  the  meter-gauge  lines  an  iron 
rail  3.52  inches  high,  and  weighing  40  pounds  per  yard;  the  fish  plates 
were  14J  inches  long,  weighing  l.j  pounds.    These  rails  were  laid  ou 
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ties  of  cieosoted  Norway  piue,  or  ludiaii  teak;  these  were  spaced  34 
inches,  center  to  center,  and  22  inches  at  joints.  The  most  common 
metal  ties  then  in  nse  were  the  inverted  bowls  of  cast-iron,  with  chairs 
cast  on  top;  each  pair  of  bowls  was  connected  by  a  light  wronght-iron 
transverse  tie-rod.  There  was  also  a  wrought-iron  longitudinal  snp- 
port,  with  chairs  bolted  on  top :  the  longitudinals  were  of  inverted 
trough  section,  and  were  connected  by  wrought-iron  tie-rods.  In  both 
bowls  and  longitudinals  there  were  holes  in  the  upper  part,  througu 
which  sand  was  poured  and  rammed  to  give  a  firm  bearing.  (Whether 
the  longitudinals  were  used  on  the  state  railways  is  not  definitely 
stated.) 

A  brief  report,  giving  a  summary  of  the  trials  of  metal  ties  on  these 
lines,  was  made  in  1885  by  Sir  Guilford  L.  Molesworth,  consulting 
engineer  for  state  railways.  His  conclusions  were  in  favor  of  bowls,  or 
Deuham-Olpherts  plate-ties  of  cast  iron,  with  vertical  wedge  fastenings, 
capable  of  alteration  of  gauge  on  sharp  curves.  Of  other  types  he  pre- 
ferred the  rolled  wrought-iron  Yautherin  tie  to  the  stamped  steel  Mac- 
Lellan  tie.  Considerable  progress  has,  however,  been  made  since  the 
date  of  his  report,  and  the  new  steel  tie  has,  as  already  stated,  come 
into  extensive  use. 

The  first  metal  ties  tried  were  Mr.  Greaves'  cast-iron  inverted  bowls, 
laid  in  1873.  They  were  laid  od  stone,  broken  small,  and  proved  fairly 
satisfactory.  (See  plate  No.  20.)  A  similar  tie  was  laid  on  the  Porada 
branch,  without  ballast,  the  soil  of  the  embankment  being  earth  and 
clay  mixed.  The  plan  answered  well  in  a  district  where  ballast  would 
have  been  expensive.  The  "Greaves"  bowls  were  of  circular  form, 
about  22  inches  in  diameter  across  the  bottom,  and  15  inches  long  on 
top  under  the  rail.  The  depth  under  the  rail  was  Ig  inches  :  height  8^ 
inches  from  the  bottom  of  bowl  to  top  of  jaw  of  rail-chair ;  9|  inches 
from  bottom  of  bowl  to  top  of  rail.  The  thickness  varied  from  three- 
eighths  inch  to  one-half  inch,  and  the  weight  of  each  casting  was  79 
pounds.  The  rail  chair  was  in  the  middle  of  the  top,  and  on  each  side 
was  a  pocket  in  the  metal  for  a  wooden  packing-piece,  or  cushion,  3/\.  by 
2J  inches,  and  1  inch  thick,  upon  which  the  rail  rested.  In  each  bowl 
were  two  holes  three-fourths  inch  in  diameter,  for  tamping  the  sand- 
ballast.  The  rails  were  of  double-headed  section,  4^  inches  high,  weigh- 
ing (jS  pounds  per  yard.  Eash  pair  of  bowls  w^as  connected  by  a 
wrought-iron  tie-bar  2  by  one-half  inches,  and  7  feet  GJ  inches  long;  the 
bar  was  placed  on  edge  and  passed  through  each  bowl,  being  secured 
by  a  gib  on  one  side  and  a  cotter  on  the  other,  passing  through  slots 
in  the  bar.  A  complete  tie,  therefore,  consisted  of  two  bowls,  one  tie- 
bar,  two  gibs  and  two  cotters.  The  following  was  the  weight  per  mile 
in  tons  of  2,240  pounds  for  1,760  pairs  of  bowls: 

Tons.    Pounds. 

Cast-iron  in  bowls  124  336 

Wrongbt-iron  in  tie-bars,  gibs,  and  cotters 21         1,344 

Total 145        1,680 
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Til  1870  a  few  cast-iron  ties  of  De  BergueAs  patent  were  sent  out  from 
Euglaiul  and  were  tried  experimentally  on  the  meter-gauge.  (See  plate 
20.)  They  consisted  of  a  pair  of  shallow  "  saucers,"  placed  bottom  down, 
and  connected  by  a  wronght-iron  tie-bar  2A  by  three  eights-inch,  the  up- 
per edge  of  which  engaged  with  a  groove  in  the  bottom  of  the  '^ saucer," 
wjjile  the  lower  part  projected  down  into  the  ballast.  Flange  rails  were 
used,  and  were  fastened  by  iron  clamps  bearing  on  the  tie  and  the  inner 
llange  of  the  rail,  with  a  hooked  bolt  passing  through  the  clamp  ;  the 
liook  held  the  bottom  of  the  tie  bar,  and  the  nut  was  screwed  down  on 
the  clamp.  The  weight  per  tie  was  54A  i)ounds,  and  it  was  intended  to 
use  eight  complete  ties  to  a  pair  of  40- pound  rails  21  feet  long. 

In  the  same  year  a  few  wrought-iron  cross-ties  of  the  "  Yautherin" 
type  were  also  tried  experimentally  on  the  meter-gauge.  (See  plate  20.) 
They  were  5.9  feet  long,  about  2|  inches  deep,  3^  inches  wide  on  top,  6J 
inches  wide  inside  at  the  bottom,  and  about  9  inches  wide  over  thebottom 
flanges  ;  the  thickness  was  about  one-fourth  or  five-sixteenths  of  an  inch. 
(These  dimensions,  except  length,  are  measured  from  half-size  lithograph 
drawings,  and  are  therefore  only  approximate.)  The  ties  were  curved 
to  a  radius  of  19.05  meters  (62.5  feet),  giving  the  rails  an  inward  inclina- 
tion of  1  in  20  ;  they  were  curved  as  soon  as  they  left  the  rolls,  and  the 
exact  curve  was  afterwards  given  when  the  metal  was  cold.  The  weight 
was  about  12  kilograujs  per  meter,  or  24.15  pounds  per  yard.  The  rails 
were  of  flange  section,  weighing  40  pounds  per  yard  ;  the  outside  flange 
was  held  by  a  gib  and  the  inner  flange  by  a  gib  held  in  place  by  a  verti- 
cal cotter,  with  a  second  gib  or  packing-piece  inserted  between  the  back 
of  the  cotter  and  the  metal  of  the  tie. 

In  1878  two  types  of  Livesey's  wrought-iron  ties  were  tried  on  the 
Western  Rajputana  line  ;  one  consisting  of  a  pair  of  bowls  of  improved 
form,  and  the  other  consisting  of  a  pair  of  corrugated  plates  of  inverted 
trough  section,  the  trough  being  parallel  with  the  rails,  with  the  corru- 
gations at  right  angles  with  them.  (See  plate  No.  20.)  In  both  types 
the  pieces  were  connected  by  tie-bars  1^  by  three-eights-inch,  passing 
through  and  secured  by  a  gib  on  the  outer  side  and  a  cotter  on  the  inner 
side  of  each  piece.  The  gauge  was  1  meter.  The  rails  weighed  40 
pounds  per  yard,  and  were  generally  secured  to  the  bowls  by  a  riveted 
clip  on  the  outer  side,  and  a  bolted  clip  on  the  inner  side ;  while  to  the 
corrugated  plate-ties  they  were  secured  by  two  riveted  clips  on  the  outer 
side,  and  a  bolted  clip  on  the  inner  side;  in  some  cases  a  gib  and  cotter 
fastening,  similar  to  that  of  the  Vautherin  tie,  was  used.  The  patentee 
proposed  to  lay  six  complete  ties  to  a  pair  of  rails  21  feet  long,  and  the 
weight  of  track  complete  was  estimated  at  40  tons  per  mile.  These 
were  reported  upon  unfavorably. 

The  MacLellan  steel  cross-ties  used  in  1882  were  of  similar  type  to 
the  new  standard  steel  ties,  and  were  used  for  meter  gauge  lines  with 
rails  weighing  41^  pounds  per  yard.  They  were  5  feet  3  inches  long 
over  all,  each  stamped  from  a  plate  5  feet  6  inches  long,  14  inches  wide, 
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and  three  sixteenths  inch  thick.  The  thickness  ^Yas  uniform,  but  the 
cross-section  of  the  tie  varied ;  at  the  rail-seat  it  was  tiat  for  about  5 
inches,  3i  inches  deej),  and  9]-  inches  wide  over  the  bottom ;  at  the 
middle  it  was  of  arched  section  4^  inches  deep  and  8^  inches  wide  at 
the  bottom,  while  at  an  intermediate  point  it  was  4i  inches  deep  and 
8!J  inches  wide.  The  ends  were  bent  to  give  i:he  rails  an  inward 
inclination,  and  the  extremities  were  closed  b^'  rounding  oil"  the  to^) 
table.  The  fastenings  were  of  tlie  gib  and  cotter  type,  above  described. 
Tlie  tie  weighed  50  pounds  and  the  fastenings  3^  i)ounds.  The  ties  for 
lines  of  5  feet  6  inches  gauge  were  8  feet  6  inches  long,  made  from  plates 
8  feet  9  inches  long,  15  inches  wide,  and  seven  thirty-seconds  inch 
thick,  the  fini>hed  tie  being  three-sixteenths  inch  thick  ;  the  cross- 
section  was  nearly  identical  with  the  above,  but  at  the  rail-seat  it  was 
flat  on  top  for  a  width  of  6  inches,  9^  inches  wide  at  the  bottom,  and  4 
inches  deep ;  the  tie  weighed  100  pounds,  and  the  fastenings  5  pounds. 

The  cast-iron  bowls  designed  by  Mr.  Molesworth  in  1878  were  for 
meter  gauge  lines  with  flange-rails,  and  were  of  a  generally  similar  form 
to  those  first  described  (1873);  they  were  18  inches  in  diameter,  with 
radial  ribs  on  the  outside;  one  flange  of  the  rail  was  held  by  a  project- 
ing lug  or  jaw,  and  the  other  by  a  wrought-iron  gib  and  cotter.  The 
thickness  was  five-sixteenths  inch  in  the  web,  and  the  depth  inside  was 
3-|  inches.  The  tie-bar  was  2  by  f-inch  and  5  leet  1  inch  long;  it  was 
laid  on  edge,  and  passed  through  the  bowls,  being  secured  to  each  by  a 
gib  on  the  inner  side  and  a  cotter  on  the  outer  side  of  the  track.  An 
adjustment  of  one-fourth  inch  at  curves  could  be  obtained  by  reversing 
the  positions  of  one  gib  and  cotter,  or  one  half  inch  by  reversing  both 
gibs  and  cotters.  The  modification  of  1882  consisted  in  the  use  of  a 
vertical  cast-iron  gib  and  cotter  fastening  for  the  rails.  The  tie-bar 
was  of  wrought  iron  or  steel,  1^  by  f  inch,  and  4  feet  7f  inches  long ;  it 
had  notches  thirteen-sixteenths  inch  wide  by  three-eighths  inch  deep, 
accurately  punched  to  templet  to  give  the  gauge;  a  plug  in  a  hole  in 
the  top  of  each  bowl  under  the  rail  engaged  with  the  notch  in  the  bar; 
the  faces  of  this  gauge-plug  were  not  vertical,  and  there  was  thus  a 
difference  of  gauge  according  to  the  different  positions  of  one  or  both 
plugs.  By  this  arrangement  the  gib  and  cotter  fastenings  at  the  end 
of  the  tie-bar  are  dispensed  with.  These  ties  were  tried  on  the  Tirhoot 
Eailway  and  the  Fazilka  Branch  of  the  Eajputana-Malwa  Railway. 

The  Denham-'  Ipherts  cast-iron  plate  ties  are  described  fully  later 
on.  Mr.  Molesworth  devised  a  modification,  consisting  in  the  use  of  a 
cast-iron  wedge  with  one  of  its  faces  corrugated  ;  this  is  driven  between 
a  fixed  lug  and  the  loose  jaw  which  holds  the  inner  flange  of  the  rail. 
(See  Plate  No.  21).  The  shape  of  these  wedges  is  such  that  when  the 
corrugated  face  of  each  wedge  in  a  complete  tie  is  towards  the  middle 
of  the  track  the  gauge  is  3  feet  3-}  inches  (1  meter)  ;  when  one  wedge 
is  turned  with  its  corrngated  face  to  the  outside  of  the  track  the  gauge 
is  three-eighths  inch  slack,  and  when  both   wedges  are  so  turned  the 
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gauge  is  three-fourtbs  inch  slack.  This  arrangement  lias  not  been  very 
successful,  owing  to  the  difficulty  of  accurate  fitting  in  casting;  while 
such  fitting  could  probably  be  secured  b}^  careful  work,  the  system  is 
more  complicated  than  the  ordinary  fiisteuing.  A  simple  plan,  sug- 
gested by  Mr.  Schwarz,  of  the  Burrakur  Iron  Works,  is  to  use  at  the  ends 
of  the  tie-bar  gibs  of  difterent  widths,  arranged  in  offsets ;  the  gauge 
would  be  tight  or  slack  according  as  the  gibs  were  put  with  the  wide 
or  narrow  part  in  the  slot. 

In  1881  proposals  were  advertised  for  cast-iron  bowls  slightly  differ- 
ent from  those  made  in  1878  for  the  Patna  Gya  Eailway.  They  were 
oval  in  plan,  23^  inches  long  b3^20J  inches  wide  on  the  bottom,  5  inches 
deep  in  tlie  middle,  11  inches  center  to  center  of  the  wooden  bearing 
pieces ;  the  thickness  was  about  f  inch.  The  tie-bars  were  7  feet  10 
inches  long,  2^  by  J  inch,  placed  on  edge,  and  secured  by  gibs  and  cot- 
ters driven  horizontally.  The  rails  were  of  double-headed  section,  se- 
cured between  the  jaws  of  the  chair  by  a  wooden  key  driven  on  the  out- 
side of  the  rail. 

The  new  type  of  steel  tie  now  in  extensive  use,  and  which  is  the 
standard  metal  tie  of  the  state  railways,  is  a  cross-tie  of  rounded  trough 
section,  with  closed  ends,  and  having  an  extra  thickness  of  metal  in  the 
top  table ;  in  its  general  form  it  resembles  half  a  pea-pod.  They  are 
modified  from  the  older  type  of  MacLellan  steel  ties,  to  meet  the  objec- 
tions made  by  Sir  Guilford  L.  Molesworth,  consulting  engineer,  as  to 
the  want  of  metal  at  the  fastenings.  They  were  first  made  for  the 
frontier  lines,  but  are  now  adopted  for  all  classes  of  lines,  both  of  meter 
gauge  and  the  Indian  gauge  of  5  feet  6  inches.  (See  plate  No.  22.) 
They  are  made  of  mild  steel  plates  rolled  fl.at  to  tbe  desired  thickness 
and  then  pressed  or  stamped  while  red-hot  between  dies  in  a  press, 
which  operation  turns  down  the  sides  and  shapes  the  ends  (which  are 
curved  down  and  flared  out),  gives  the  rail-seat  an  inclination  of  1  in  20 
and  presses  out  the  two  clips  or  lugs  for  each  rail.  The  steel  is  speci- 
fied to  be  equal  to  a  tensioual  stress  of  between  26  and  31  tons  per 
square  inch,  with  a  contraction  of  30  per  cent,  of  the  tested  area  at 
the  point  of  fracture.  The  space  between  the  edges  of  the  lugs  is 
slightly  narrower  than  the  width  of  the  rail-flange,  so  that  the  rail  has 
to  be  canted  or  tilted  to  one  side  to  put  it  into  place.  This  has  the  dis- 
advantage of  preventing  the  removal  of  one  tie  independently  of  the 
rest  of  the  track,  as  in  order  to  take  out  one  tie  the  two  rails  must  be 
loosened  for  their  whole  length  and  tilted  over,  or  one  rail  loosened  and 
the  tie  tilted  up.  Each  rail  is  secured  by  a  taper  key  with  a  split  end, 
which  is  driven  between  one  of  the  lugs  and  the  rail-flange  overlapping 
the  flange.  They  are  usually  on  the  outer  side  of  the  rail,  but  one  or 
both  may  be  placed  on  the  inner  side  if  the  gauge  is  to  be  widened. 
After  the  key  is  driven  the  split  end  is  opened  with  a  chisel,  to  prevent 
the  key  from  slacking  back  or  working  loose.  The  ties  are  dipped  in  a 
black- varnish  solution.  They  are  not  patented. 
22893— Bull.  4 15 
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For  the  5  feet  0  inches  gauge,  the  ties  are  made  from  plates  9  feet 
loDg  and  15  inches  wide,  with  the  middle  thirteen  thirty-seconds  inch 
thick  for  a  width  of  4i  inches,  and  the  sides  about  seven  thirty-seconds 
inch  thick  (specified  to  be  of  such  thickness  as  will  make  the  tie  weigh 
120  pounds).  The  finished  tie  is  8  feet  9  inches  long ;  at  the  rail  seat  it 
is  9.^  inches  wide  at  the  bottom  and  4^  inches  deep;  at  the  middle  it  is 
4J  inches  deep  and  8J  or  9  inches  wide  at  the  bottom,  while  at  an 
intermediate  point  it  Is  4i  inches  deep  and  9  inches  wide ;  the  ends  are 
13  inches  wide.  The  lugs  are  3  inches  long  and  the  keys  8  inches  long. 
The  tie  weighs  120  pounds  and  the  keys  1  pound  each,  making  a  total 
of  122  pounds  for  each  tie,  complete.  The  rails  are  of  tiange  section, 
4-Jf  inches  high,  4  inches  wide  over  the  flange,  and  weighing  75  pounds 
X)er  yard.  For  the  meter  gauge  the  tie  is  made  from  a  plate  5  feet  9 
inches  long  and  14  inches  wide,  with  the  middle  part  three-eighths  inch 
thick  for  a  width  of  4  inches,  and  the  sides  about  tliree-sixteenths  or 
one-fourth  inch  thick  (specified  to  be  of  such  thickness  that  the  tie  will 
weigh  69  pounds).  The  finished  tie  is  5  feet  6  inches  or  5  feet  7  inches 
long;  at  the  middle  it  is  flat  on  top  for  a  width  of  4  inches,  and  the 
bottom  width  is  9^-  inches;  at  the  middle  it  is  of  arched  section,  8^ 
inches  wide  at  the  bottom  and  5  inches  deep.  The  ends  flare  out  to  a 
width  of  13  inches.  The  lugs  are  3  inches  long,  spaced  2J  inches  apart 
in  the  clear,  and  the  keys  are  6  inches  long.  The  tie  weighs  69  pounds 
and  the  two  keys  1.25  i^ouuds,  making  70.25  j)ounds  for  the  tie  com- 
plete. The  rails  are  of  flange  section,  3J  inches  high,  3^  inches  wide 
over  the  flange,  and  weighing  41^  pounds  per  yard.  The  price  of  the 
broad-gauge  ties  is  said  to  be  about  6  rupees  ($2)  each  in  India.  It  has 
been  stated  (The  Indian  Engineer,  March  31,  18S8)  that  after  two  or 
three  years'  experience  the  general  opinion  was  that  these  ties  were  too 
thin,  especially  for  the  northwest  provinces,  where  the  soil  and  the 
ballast  are  of  a  peculiarly  corroding  character.  Sir  A.  M.  Eendel,  con- 
sulting engineer  in  England  for  the  state  railways  and  guaranteed 
lines,  who  introduced  these  ties,  prefers  them  to  the  cast-iron  plates. 
In  February,  1888,  there  were  over  3,000  miles  of  this  track  (including 
Mexico),  on  lines  of  all  descriptions  as  regards  grades,  curves,  etc. 
They  had  been  laid  during  the  past  ten  years,  but  principally  during 
the  previous  four  years.  The  traffic  was  not  then  very  heavy.  The 
weight  of  the  broad-gauge  locomotives  was  up  to  45  tons  in  all  and 
36  tons  on  three  pair  of  wheels,  which  would  be  increased  to  42  tons ; 
the  engines  of  the  meter  gauge  lines  had  a  weight  of  24  tons  on  six 
coupled  wheels.  The  ties  are  spaced  about  3  feet  apart  center  to  center, 
or  eleven  to  a  rail  length  of  30  feet.  The  cost  was  then  about  $20  per 
ton  delivered  at  a  port  in  England,  and  the  expense  of  maintenance 
had  been  very  low.  As  to  durability,  it  is  known  that  steel  ties  in  an- 
other form  have  lasted  for  sixteen  years  on  the  Oude  and  Kohilkund 
Railway  without  injury.    All  kinds  of  ballast  are  used,  but  gravel  or 
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fiue  sand  is  the  best ;  the  behavior  of  tlie  baHast  imder  the  tie  is  ver^^ 
good,  particuhirly  during  Hoods  and  rainy  seasons.  The  road  bed  is 
of  ordinary  type,  generally  well  ballasted.  There  is  no  trouble  with 
maintenance  of  track  nor  with  the  rail  attachments,  nor  from  break- 
ages. 

The  following  statement,  showing  the  quantities  and  various  desciip 
tions  of  metal  ties  which  have  been  sent  to  India  for  tlie  state  railways 
since  1874,  by  the  India  office,  was  furnished  me  in  September,  1880,  by 
Mr.  Abercrombie  Jopp,  director-general  of  stores,  India  office,  London. 

Statement  of  iron  and  steel  ties  sent  to  India  hy  the  India  office  during  years  1874  to  1889. 


Description  of  ties. 


Number 
supplied. 


Miles 

of  single 

track. 


Meter  gauge : 

DeBergue's  system  ;  cast-iron  bowls pairs 

Vautheriu  ;  wrought-iron  crosa-ties number 

Cast-iron  bowls pairs 

Wrougbt-iron  bowls do  . 

WroiTght-iron  cross-ties number 

Steel  cross-ties do  . . 

Denham-Olphert's  cast-iron  plates pairs 

Total  ties  for  meter  gauge 

Indian  gauge  (5  feet  6  incbes) : 

Cast-iron  bowls pairs 

Steel  cross-ties number 

Denbam-Olpbert's  cast-iron  plates pairs 

Total  ties  for  5|-foot  gauge 

Total  of  complete  cross-ties 


7,040 

6,  332 

39,  018 

36,  000 

286, OUO 

723, 829 

347,  000 


4 

4 

20 

18 
143 
361| 
173^ 


364,  361 

1,941,398 

245,  347 


2,  551, 106 


724i 


183| 
988^ 
122^ 

1,  294^ 


3,  996,  325 


2,  0181 


East  Indian  Railway. — The  line  was  originally  laid  almost  entirely 
with  w^ooden  ties,  but  cast-iron  plate  ties  are  now  extensively  used.  The 
Sinhgharon  branch  is  laid  partly  with  Greaves  cast-iron  bowls  and 
partly  with  creosoted  fir  ties.  Oreosoted  fir  and  sal  ties  are  used  gen- 
erally on  the  other  branches.  Cast-iron  bowls  have  been  used,  but  sev- 
eral years  ago  they  were  found  unsuitable  for  a  line  with  high  speed 
and  heavy  loads,  and  they  were  afterwards  only  used  in  sidings.  In 
1877  Mr.  Benedict,  in  a  paper  on  ''  Metal  sleepers  for  railways,"  read 
before  the  Society  of  Engineers  and  Ship-builders,  Glasgow,  Scotland, 
stated  that  thus  far  the  bowls  had  not  done  well,  but  that  a  further 
trial  would  be  made.  The  steel  cross-ties  have  been  used,  but  the  stand- 
ard metal  tie  on  this  road  is  the  Denham-Olpherts  cast-iron  plate  tie. 
In  the  company's  report  for  the  half  year  ending  December  31,  1889,  it 
was  stated  that  the  lavish  expenditures  during  the  past  few  years  upon 
renewals  of  the  line,  replacing  iron  rails  with  steel  rails  and  wooden 
ties  by  metal  ties,  were  then  taking  effect,  as  there  was  no  longer  the 
heavy  maintenance  which  had  formerly  burdened  the  road,  and  it  was 
predicted  that  these  maintenance  expenses  would  continue  to  decrease 
with  the  gradual  extending  of  the  improvements. 
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The  leDgtb  of  this  system  open  lor  traffic  on  December  31,  1888  (ex- 
clusive of  sidings),  was  as  l■ollo^YS  : 

Miles.  Feet. 

East  India  Railway,  proper 1^  513  2,  376 

Tarakeshwar  Kail  way 22  1  214 

Patna-Gya  State  Railway 57  1,056 

Gliazipur-Diklaniagar  Prov.  State  Railway 11  5,239 

Sitjilia  State  Railway 74  4,  (357 

Total 1,677    3,982 

The  standard  tj'pe  of  track  consists  of  double-headed  steel  rails  30 
feet  long,  weighing  75  pounds  per  yard,  laid  on  Denham-Olpheits  cast- 
iron  plate  ties  weighing  227  pounds  each  5  eleven  ties  to  a  rail  length. 
The  total  number  of  these  ties  had  increased  fiom  413,000  at  the  end 
of  1882  to  1,311,000  at  the  end  of  1887,  the  latter  amount  representing 
about  680  miles  of  track.  At  the  prices  of  iron  in  April,  1888,  the  cost 
of  track  laid  with  these  ties  was  less  than  that  of  a  track  on  wooden 
ties.  The  breakages  since  1885  averaged  about  .84  per  cent,  per  annum. 
These  ties  are  described  in  full  farther  on.     (See  plate  J^J"o.  23.) 

In  January,  1888,  the  Government  called  for  an  exhaustive  report  on 
the  behavior  of  the  Deuham-Olpherts  plate-ties  on  various  sections  of 
the  line,  and  also  for  the  opinions  of  the  engineers  v>'ho  had  such  ties  in 
their  districts.  During  the  half-yearly  inspection  made  in  January  and 
February,  1888,  very  careful  examinations  were  made  in  order  to  form 
an  opinion  as  to  the  relative  merits  of  the  track  on  cast  iron  and  on 
wooden  ties,  and  in  April,  1888,  Major  W.  H.  Coaker,  deputy  consulting- 
engineer  for  railways,  presented  his  report.  He  stated  that  the  ex- 
cessive oscillation  complained  of  on  some  sections  was  due  to  the 
rounded  shape  of  the  head  of  the  new  rails  and  not  to  irregularity  in 
gauge  caused  by  the  use  of  the  metal  ties,  as  had  been  alleged.  On  the 
whole  he  was  of  opinion  that  these  plate-ties  make  an  excellent  track, 
and  notwithstanding  the  use  of  stone  ballast,  which  is  generally  un- 
suited  for  cast-iron  ties,  the  track  was  fairly  elastic,  owing  to  the  rail 
being  suspended  by  its  head :  he  advised  the  use  of  twelve  ties  instead 
of  eleven  to  a  30foot  rail  length,  and  this  has  been  adopted  in  some 
cases  where  the  rails  are  laid  to  break  joint.  As  to  irregularities  in 
gauge,  there  is  little  difference  between  track  on  cast-iron  and  on 
wooden  ties,  as  will  be  seen  by  the  following  summary  of  a  number  of 
gauge  tests  made  early  in  1888  and  included  in  Major  Goaker's  report : 


Tight... 
Slack... 
Correct. 
Varied.. 


Total. 


Deuham- 
Olpbei't's 


33 


Wooden. 


30 


In  regard  to  the  question  as  to  the  reported  difficulty  in  insuring  ac- 
curacy of  gauge  with  the  cast-iron  ties,  Mr.  Denham,  chief  engineer  of 
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the  railway  and  one  of  the  inventors  of  the  tie,  stated  that  this  was 
due,  First,  to  letting  separate  contracts  toditlVrent  parlies  for  the  cast- 
iron  and  wrought  iron  work  ;  /Second,  to  faulty  packing  or  tatnping,  as 
if  tamped  too  much  on  the  outside  the  plates  will  dip  inwards  and  nar- 
row the  gauge,  or  if  tamped  too  much  on  the  inside  liie  gauge  will 
widen  ;  this  trouble  can  be  avoided  by  having  the  work  carefully  done; 
Third,  to  the  difficulty  in  manufacturing  the  pieces  so  as  to  render  the 
gauge  exact  at  all  times,  although  careful  work  has  reduced  this  source 
of  trouble  to  a  minimum.  Mr.  Denham,  as  one  of  the  i)atentees,  pre- 
ferred not  to  make  a  statement  of  his  opinions  as  to  the  merits  and  de- 
merits of  the  tie,  but  sent  in  a  number  of  reports  from  the  district  en- 
gineers. While  differing  in  opinion  and  as  to  details,  the  impression 
given  by  these  reports  is  that  the  ties  are  very  satisfactory ;  rather 
frequent  packing  is  required  j  but  as  there  is  not  the  trouble  with  the 
fastenings  that  there  is  with  the  wooden  ties,  the  track-men  ha\  e  more 
time  to  attend  to  the  packing,  and  the  net  result  is  a  reduction  of  the 
maintenance  expenses.  The  number  of  renewals  is  also  very  consider- 
ably reduced  below  that  of  wooden  ties,  effecting  an  economy  of  over 
()J  per  cent,  per  annum.  The  saving  in  maintenance  on  the  Allahabad 
division  is  estimated  at  821  rupees  ($273.80)  per  mile  per  annum  in  favor 
of  cast-iron  over  sal  ties;  on  this  division  there  were  in  January,  1888, 
276|  miles  laid  with  these  ties;  on  103J  miles  the  rails  rest  on  wooden 
cushions,  and  on  173J  miles  they  are  suspended  in  the  jaws  of  the  chairs; 
the  ties  were  first  laid  on  this  division  in  1880  for  a  length  of  5  miles. 

The  following  table  is  taken  from  the  report  of  the  chief  engineer, 
Mr.  Denham,  for  the  half  year  ending  December  31,  1888,  and  shows  a 
record  of  the  tie  work  during  that  period : 


Wooden  transverse : 
Fir  (10  ft.  by  10 

by  5in.)..Xo..      423,793 
Sal  (10  ft.  by  10 

by  5  in.)  .  No.  .1,  597, 021    1,  .'ieo,  852 
Others do . . !     890,  372       892,  909 


Ties  in  track,  in- 
cluding sidings. 


July  1, 
1888. 


Decem- 
ber 31, 


Removed. 


Defect- 
ive. 


394,346  I  19,622 


34,  868 
11.  720 


other 


12,  773 


Total. 


32,  395 


39,787  1     74,655 
10,  422       22,  148 


Total  . 


.do..  2,  917, 186   •^,  849, 107     66,216  j  62,982  ;  129,198 


xron : 

D  e  n  h  a  ni-0 1  - 

phert's    plate 

ties  (227.37  lbs. 

each)  . .  pal  IS.. 
Denham's  plate 

ties    ..  pairs.. 
Bowl  ties(228  lbs. 

each).,  pairs.. 
Others Xo. .. 

Total 

Grand  total  . . . 


1,451,076    1,524,999 
82,  695  I      82,  621 


5,747^ 
78 


237,592.^1     238,095^     1,147 
34,448  I      34.444  4 


1,313 
58 


7,  060i 

136 

1,219 
4 


Laid. 


Removal  on        „ 
total.  Total 

remov- 
al of 
each 


Defect 
ive. 


Percent 


causes.     *''^^^- 


Per  cent]  Per  cent 


3,948!      4.63         3.01 


38,  486 
18,685 


2.18 
1.30 


1,805,811*1,880,1591      6, 976|      1,443         8,419^ 
4.  722,  997^  4,  729,  2Gti^i  73^  192^  "64^4"25" I  'ui'mil 


01,119 


50,  9831 

62 

1,722 


82,  7674 
143,  886 


'^2.26 


.39 

.09 

.48 
.01 


2.4!) 
1.17 


*1.55 


'2. 16 


.07 
.03 


7.04 


4.67 
2.47 


'4.  42 


.48 
.16 


.51 

.01 


'■.46 

►279r 


*Average. 
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The  next  table  shows  the  total  length  of  single  track  laid  with  wooden 
and  iron  ties  on  December  31, 1888 : 


I  Wood  and 

■Wooden.     ;    Iron  bowl.       Iron  plate.     "?°  and  tim- 
^  ber  inter- 


mixed. 


Jililes.    Feet.    Miles.    Feet.     Miles.    Feet.    Miles.    Feet. 

East  Indian  Eail way  proper I  1, '-^94    4,148:        79    2,903         735    1,630  265    5  030 

Other  lines |      101    1, 329    26    5, 031  59    3, 231 

Total j  1,396        197  ,        79    2,903         702    1,401  j        325    2,981 

As  already  stated,  the  company  has  undertaken  the  manufacture  of 
cast-iron-plate  ties  at  its  Jamalpur  works,  and  early  in  1888  the  Bur- 
rakur  Iron  Works  were  turning  out  10,000  of  the  same  class  of  lies  per 
month  for  this  road. 

The  following  is  the  substance  of  a  detailed  statement  in  regard  to 
the  Denham-Olpherts  cast-iron-plate  ties,  which  was  sent  to  me  in  Feb- 
ruary-, 1888,  by  Sir  A.  M.  Rendel,  consulting  engineer.  There  were 
about  900  miles  in  all  on  the  East  Indian,  Eastern  Bengal,  and  branches, 
and  further  supplies  had  been  ordered.  The  divisions  laid  with  these 
ties  were,  as  a  rule,  level  and  straight ;  the  traffic  was  heavy  and  slow, 
hauled  by  engines  weighing  40  to  41  tons,  with  14  tons  on  each  pair  of 
wheels,  say  28  tons  on  two  pair  and  40  tons  on  three  pair  of  coupled 
wheels.  A  detailed  description  of  these  ties  is  given  further  on.  They 
are  spaced  about  3  feet  apart  center  to  center  of  tie-bars.  The  plates, 
with  their  jaws,  weigh  109  pounds  each,  or  218  pounds  per  pair;  the 
tie-bar  and  accessories  weigh  28  pounds.  The  cost  for  one  tie  com- 
plete, including  tie-bar  and  fastenings,  was  then  about  $2.16,  de- 
livered at  an  English  port.  The  labor  of  maintenance  was  normal 
and  the  breakages  were  not  serious.  The  results  as  to  durability 
have  been  good.  Various  kinds  of  ballast  have  been  tried,  including 
broken  stone,  brick,  sand,  and  kunker  (this  latter  is  a  kind  of  nodular 
limestone,  commonly  burnt  for  lime  in  India ;  it  is  rather  soft).  The 
road-bed  is  of  ordinary  construction,  well  ballasted,  and  the  ballast  be- 
haves well  under  the  ties.  The  rails  are  of  double-headed  sections, 
weighing  75  pounds  per  yard;  the  joints  are  suspended.  The  reason 
for  adopting  metal  ties  was  that  native  hard  or  soft  woods  cost  too 
much  and  were  not  obtainable  in  suflScient  quantities,  while  imported 
creosoted  pine  was  cheaper  but  not  so  durable.  Tlie  general  results 
are  satisfactory,  and  there  is  no  particular  trouble  with  maintenance. 
As  compared  with  wooden  ties  they  are  more  durable  but  less  elastic. 
Various  kinds  of  wooden  ties  are  used,  but  the  tropical  climate  is  very 
bad  on  timber,  A  good  salwood  tie,  which  is  the  best  to  be  got  in 
India  and  is  sometimes  very  good,  costs  5  rupees  to  5  rupees  5  annas 
($1.61  to  81.83.)     Mr.  Rendel  prefers  the  steel  cross-ties. 

A  cast-iron-plate  tie  designed  by  Sir  Bradford  Leslie,  formerly  chief 
engineer  of  the  road,  was  used  on  a  short  branch  line  crossing  the 
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Iloogbly  River  and  proved  quite  a  success;  it  could  be  easily  and 
quicidy  laid  and  had  but  few  breakages.  The  plate  is  24  by  17  inches, 
the  greater  length  being  parallel  with  the  rail.  There  are  two  fixed 
jaws  on  the  outer  side  of  the  track  and  a  loose  jaw  on  the  inner  side; 
this  loose  jaw  has  a  projection  which  passes  through  a  slot  in  the  plate 
and  straddles  the  tie-bar;  it  is  held  in  place  by  a  flat  taper  key  driven 
through  it  and  through  webs  on  the  rail  chair.  The  plate  has  a  seg- 
mental rib  on  the  lower  side  with  two  transverse  ribs  or  webs  on  each 
side.  The  tie-bar  is  2  inches  deep;  it  is  set  on  edge  and  is  under  the 
I)late,  passing  through  a  slot  in  the  longitudinal  rib;  at  each  edge  is  a 
notch  in  the  upper  edge  which  engages  with  a  downward  projecting 
Hange  on  the  outer  edge  of  the  plate.  Double-headed  rails  are  used, 
and  aresupended  in  the  jaws,  as  in  the  Denliam-Olpherts  ties. 

Patnagya  Railway. — This  line  is  now  operated  as  a  part  of  the 
East  Indian  railway  system.  Cast-iron  bowls  were  in  use  in  1877. 
(See  State  Railways  and  East  Indian  Railway). 

Rajputana-Malwa  Railway.— This  line  is  leased  by  the  Bombay, 
Baroda  and  Central  India  Railway  Company  and  forms  a  part  of  its 
system.  Wooden  ties  of  deodar  and  creosoted  pine  were  originally 
used,  but  as  the  latter  perished  very  rapidly  they  were  replaced  with 
deodar.  The  Fazilka  Branch  (50  miles  long)  of  the  Rewari-Ferozepore 
section  is  laid  with  steel  rails  on  Molesworth's  and  Denham-Olphert^s 
iron  ties.     (See  State  Railways.) 

Bengal-Nagpur  Railway. — This  road  is  to  be  about  800  miles 
long,  and  at  a  meeting  of  the  company  in  London  in  June,  1889,  it  was 
stated  that  294^  miles  were  then  open  for  traffic ;  track  had  been  laid 
on  260  miles  more,  of  which  45  miles  were  ready  to  be  put  in  operation 
as  soon  as  the  rainy  season  was  over.  Some  of  the  older  sections  of  the 
line,  built  about  1880-1881,  were  of  1-meter  gauge,  but  the  Indian  gauge 
of  5  feet  6  inches  having  been  adopted,  these  lines  are  being  converted 
to  the  broad  gauge. 

The  type  of  track  adopted  consists  of  steel  flange  rails  on  steel  cross- 
ties,  except  in  those  places  where  timber  can  be  readily  obtained  from 
neighboring  forests.  In  April,  1888,  there  were  180  miles  laid  with 
steel  ties  (See  plate  No.  25).  These  ties  are  of  the  type  now  adopted 
for  the  State  railways  (already  described).  They  are  8  feet  9  inches 
long,  bent  to  give  the  rails  an  inclinatien  of  1  in  20,  and  have  the  ends 
curved  down  with  a  radius  of  9  inches  and  flared  out  to  a  width  of  13 
inches.  They  weigh  120  pounds  each  or  122  pounds,  with  two  keys. 
The  rails  are  secured  by  clips  stamped  up  out  of  the  top  table  of  the  tie; 
for  the  meter-gauge  sections  two  sets  of  clips  are  made,  one  set  for  each 
gauge,  the  object  being  to  permit  of  converting  the  gauge  of  the  line, 
while  keeping  the  meter-gauge  open  for  traffic.  The  rolled  section  from 
which  the  ties  are  made  is  of  trough  shape,  9  feet  long,  flat  on  top  for 
a  width  of  SJ  inches,  11§  inches  wide  at  the  bottom,  3||  inches  deep ; 
the  thickness  is  seven-thirty- seconds  inch,  with  the  middle  part  of  the 
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top  table  tbree-eigbtlis  incb  tbick  lor  a  widtb  of  4i  iucbes ;  tbe  cor- 
uers  are  bent  to  a  curve  of  1  incb  radius.  At  tbe  middle  tbe  cross- 
section  is  4:^  incbes  deep,  8  incbes  wide  at  tbe  bottom  ;  tbe  top  is  curved 
to  a  radius  of  lOi  incbes,  and  tbe  corners  to  a  radius  of  1^  incbes;  tbe 
distance  between  tbe  centers  of  tbe  corner  curves  is  3^'  inches,  and  tbe 
sides  flare  outward  sligbtly  tow^ards  tbe  bottom.  At  tbe  rail  seats  tbe 
top  is  flat,  giving  a  widtb  of  4^  incbes  ;  tbe  section  at  tbe  inner  rails 
(meter  gauge)  is  8J  incbes  wide  at  tbe  bottom  and  4;;^  incbes  deep  ;  at 
tbe  outer  rails  (broad  gauge)  it  is  10  incbes  wide  at  tbe  bottom  and  4^ 
incbes  deep.  Tbe  clips  are  3  incbes  long  and  tbe  keys  8  incbes  and  0 
incbes  long  for  tbe  broad  and  narrow  gauges  respectively.  Tbe  adjust- 
ment of  tbe  gauge  is  eft'ected  by  driving  one  or  botb  of  tbe  keys  on  tbe 
inside  instead  of  tbe  outside  of  tbe  track.  Tbe  ties  are  steeped  wbile 
bot  in  linseed  oil  and  tarred.  Tbey  were  manufactured  by  Bolckow, 
Yaugban  &  Co.,  of  England,  and  cost  824.54  per  ton,  or  about  4  rupees 
8  annas  ($1.48)  eacb  in  India.  Tbe  ties  are  spaced  3  feet  center  to  cen- 
ter, 1,760  to  tbe  mile.  Tbey  are  laid  in  ballast  of  broken  stone  1  i  incbes 
size;  tbis  bebaves  well  under  tbe  ties,  does  not  crusb,  and  is  elastic  and 
clean.  It  bas  also  been  proposed  to  lay  some  DenbamOlpberts  cast- 
iron  plate  ties  as  an  experiment. 

Tbese  steel  ties  were  adopted  on  account  of  tbe  low  cost  of  steel  and 
because  timber  was  not  procurable  in  sufiicient  quantity.  Wooden  ties 
last  about  five  years;  tbey  soon  split  from  tbe  intense  beat,  and  rot 
during  tbe  rainy  season.  Tbe  climate  bas  no  effect  on  tbe  metal  ties. 
Wooden  ties  are  used  to  some  extent,  and  tbe  rails  are  secured  to  tbem 
by  spikes  fi\'e  eigbtbs  of  an  incb  square  in  tbe  sbank  and  5  incbes  long- 
under  tbe  bead,  witba  notcb  cut  in  tbe  sides  at  a  distance  of  IJ  incbes 
from  tbe  point.  Tbe  meter-gauge  line  was  laid  witb  40-pound  rails 
on  teak,  sid,  and  creosoted  pine  ties.  One  advantage  of  tbe  steel  ties 
is  tbat  tbe  number  of  separate  pieces  is  small  and  tbe  fastenings  are 
simple,  wbicb  makes  tbe  track  very  easy  to  lay  witb  rapidity  and  accu- 
racy. It  is  said  tbat  rust  is  liable  to  form  at  tbe  rail-seat,  but  tbe 
engineers  bave  no  anxiety  on  tbis  account.  Tbe  space  between  tbe 
cbps  being  narrower  tbau  tbe  flange  of  tbe  rail,  tbe  rails  bave  to  be 
canted  wbeu  being  put  in  or  taken  out,  and  tbis  causes  a  good  deal  of 
extra  work  wben  tie  renewals  are  to  be  made.  It  is  said  by  outside  au- 
thorities tbat  tbe  ties  are  of  too  ligbt  section,  tbe  finished  thickness  be- 
ing about  tbree-sixteentbs  of  an  incb.  Tbe  road  being  new,  there  bas 
not  yet  been  time  to  ascertain  their  durability  or  tbe  expense  of  main- 
tenance, but  up  to  tbe  date  of  tbe  reports  received  (April  and  May, 
1888),  tbe  general  results  bave  been  satisfactory;  not  one  tie  had  been 
damaged  and  tbe  engineers  were  well  satisfied  witb  tbem.  Mr.  T.  K. 
Wynne  is  cbief  engineer  and  Mr.  P.  T.  Large  is  superintending  engi- 
neer. 

Tbe  rails  for  tbe  meter-gauge  weigb  4I|  pounds  per  yard.  Tbey  are 
3f|  incbes  bigh,  witb  a  bead  1=4  incbes  wide  (baving  inward  flaring 
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plane  sides),  and  a  flaiifie  8/0  inches  wide  ;  the  clear  distance  between 
the  clips  for  these  rails  is  U|  inches.  The  rails  lor  tlie  broad  gange 
weigh  75  pounds  per  yard ;  they  are  4|^  inches  high,  wit'i  a  head  L*;}^ 
inches  wide  (having  inward  flaring  rounded  siiles),  and  a  flange  4 
inches  wide;  the  clear  distance  between  the  clips  for  these  rails  is  o:| 
inches.  Thejoints  are  suspended  and  are  spliced  by  angle  splice-bars 
2i)  inches  long,  with  a  very  narrow  horizontal  flange;  there  are  six 
bolts,  the  inner  ones  spaced  G  inches  and  the  outer  ones  4  inches,  center 
to  center.  The  ruling  grade  is  1  in  150  and  the  sharpest  curve  1,000 
feet  radius.  The  engines  are  all  of  one  class  with  six  coupled  wheels; 
total  weight,  without  tender,  45  to  50  tons ;  weight  on  a  pair  of  wheels, 
ll.J  to  12  tons.  In  addition  to  the  passenger  traffic  there  is  a  heavy 
traffic  in  grain  :  also  in  hides,  salt,  timber,  and  bamboos. 

Southern  Mahratta  Kailway. — Steel  cross-ties  of  the  state  rail- 
way type  are  now  being  substituted  for  the  creosoted  pine  ties.  In  the 
report  for  the  half  year  ending  June  30,  1888,  it  was  stated  in  regaid 
to  the  renewals  of  ties  that  some  ])art  of  the  line  was  built  as  a  famine 
relief  work  by  the  Government  before  the  railway  company  came  into 
existence,  and  the  Government  provided  also  some  of  the  tract,  which 
the  company  laid  down.  On  the  older  state  lines  of  meter-gauge 
half-round  creosoted  pine  ties  had  been  largely  used,  but  they  proved 
a  failure  and  had  to  be  renewed.  The  greater  portion  of  tliis  line, 
about  80  per  cent.,  is  laid  with  teak  or  steel  ties,  and  it  was  hoped  that 
the  renewals  would  be  less  expensive  than  on  other  roads.  About  10 
per  cent,  of  the  ties  in  the  line  were  then  of  creosoted  pine.  The  num- 
ber would  be  about  200,000,  and  27,000  had  been  renewed  during  the 
half  year. 

Mysore  section. — The  track  is  laid  with  41^-pouud  rails,  on  teak  and 
creosoted  pine  ties. 

Bellary-Kistnah  section. — Earl 3^  in  1888  reports  on  the  new  type  of 
steel  ties  (state  railway  type)  were  made  by  the  district  engineers  to 
Mr.  La  Touche,  the  engineer-in-chief,  who  reported  to  the  director-gen- 
eral of  railways  in  September,  1888.  The  old  pattern  of  tie,  of  some- 
what similar  form,  but  with  gib  and  cotter  fastenings,  was  objection- 
able on  account  of  the  nnmber  of  small  pieces — eight  to  each  tie — 
while  the  metal  was  so  thin  as  to  be  easily  broken  by  derailed  cars  or 
split  b}'  driving  the  keys  home.  There  was  no  adjustment  for  curves. 
The  close  spacing  of  the  clips  of  the  new  ties  was  objected  to.  In  stone 
or  clean  gravel  ballast  they  do  very  well,  but  in  soil  banks  the  edges 
cut  down  into  the  material  and  a  good  deal  of  extra  raising  and  pack- 
ing w^as  required.  The  increased  thickness  of  the  top  table  greatly  in- 
creased the  strength  and  efficiency  of  the  tic    (See  State  Kail  ways.) 

Indian  Midland  Kailway. — The  older  parts  of  this  line  are  laid 
with  double-headed  rails,  weighing  75  pounds  per  yard,  on  Denham- 
Olpherts  cast-iron  iflate  ties.  The  remainder  of  the  main  line  and 
branches  are  laid  with  steel  flange  rails  weighing  80  pounds  per  yard, 
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on  cast-iron  bowl  ties  (See  plate  No.  23.)  These  bowls  are  an  improve- 
ment upon  those  of  the  state  railways.  They  are  oval  in  plan,  25 
inches  loiiy-  by  20  inches  wide,  and  2-{\r  iuches  deep  nnder  the  rail.  In 
the  top  there  are  two  holes  2^  inches  in  diameter,  for  tami)ing.  The  tie 
bar  is  of  wronght  iron  7  feet  7  inches  loug,  2  inches  deep  by  one-halt 
inch  thick;  it  is  secured  to  each  bowl  b}^  a  cotter  on  the  outer  side  and 
a  gib  on  the  inuer  side  of  the  track.  There  are  eleven  pairs  of  ties  to 
a  rail  length  of  30  feet ;  they  are  spaced  2  feet  9^  iuches  center  to  center 
of  tie  bars,  and  1  foot  1 J  inches  at  the  joints.  The  spacing  of  the  ties  is 
slightly  modified  with  a  rail  length  of  29  feet  7^  inches,  but  the  three 
middle  ties  are  spaced  as  above — 2  feet  9^  inches — for  the  reasou  that 
holes  are  drilled  in  the  outside  flauge  of  the  rail  and  at  tlie  tie  on  each 
side  of  the  middle  tie,  for  a  pin  five-eighths  inch  diameter  and  1§  inches 
long  ;  these  pins  are  to  prevent  the  creeping  of  the  rails.  The  rails  are 
of  flange  section,  resting  on  a  piece  of  felt  packiug  on  the  rail  seat;' 
the  rail  seat  has  an  inclination  of  1  in  24.  The  outer  flange  of  the  rail 
is  held  by  a  projecting  lug,  cast  on  the  bowl.  The  inner  flange  is  held 
by  a  cast-iron  clamp  4:  inches  long,  the  upper  part  of  which  has  a  pro- 
jection which  bears  on  the  rail  flange,  the  lower  part  being  dovetailed 
so  that  there  is  no  vertical  motion.  This  key  is  dropped  into  place,  the 
lower  part  fitting  into  a  pocket  or  recess  in  the  bowl,  and  a  wronght 
iron  taper  key  6^  inches  long  is  driven  between  it  and  the  jaw  of  the 
chair;  the  split  end  oi  this  key  is  then  opened  out  to  prevent  the  key 
from  slacking  back.  The  bowls  weigh  92  pounds  each  and  the  rails  80 
or  82  pounds  per  yard.  The  desirability  of  using  the  creosoted  felt 
under  the  rails  in  a  hot  country  like  India,  is  an  open  question  and 
practically  the  method  has  fallen  into  disuse.  The  adjustment  of  the 
gauge  is  effected  by  means  of  the  tie  bar  fastenings;  with  both  cot- 
ters on  the  outer  side  and  both  gibs  on  the  inner  side  of  the  track,  the 
gauge  is  5  feet  G  inches  ;  if  the  gib  on  one  bowl  is  placed  on  the  outer 
side  of  the  track  the  gauge  will  be  widened  one-eighth  inch ;  it'  both 
cotters  are  placed  on  the  inside  and  both  gibs  on  the  outside,  the  gauge 
will  be  widened  one-fourth  inch.  The  ballast  used  is  of  stone  broken 
very  small,  and  there  are  about  15^-  cubic  feet  of  ballast  per  foot  run 
of  tract.  The  rail  joints  are  suspended,  and  are  spliced  with  ordinary 
flat-fish  plates  and  five  bolts;  the  ends  of  the  webs  of  the  rails  are 
notched  to  admit  the  middle  bolt,  which  thus  keeps  the  ends  of  adja- 
cent rails  at  the  same  horizontal  plane,  and  thus  reduces  the  ])Ound- 
ing  of  the  joints  by  the  wheels  of  trains.  It  has  been  reported  to  me 
that  the  track  is  one  of  the  smoothest  in  the  country;  so  smooth  that 
on  passing  over  the  line  the  joints  are  scarcely  perceptible,  even  before 
the  bowls  are  finally  tamped.  Denham-Olpherts  cast-iron  plate  ties 
were  laid  on  the  Cawnpore  and  Jhansi  Kailway,  which  is  now  a  part 
of  the  Indian  Midland  system. 

A^iLLUPURiUr-DnARMAVARAM  IvAiLWAY. — The  State  railways  steel 
cross-tie  has  been  tried  on  the  Cuddai)ah-Nellore  line,  now  a  part  of  this 
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system.  Mr.  Bull,  superintciuleiit,  in  a  letter  to  tiie  director  jj^eneral  of 
railways  in  February,  IS.'^'S,  stated  that  the  ties  are  lighter  than  those 
of  the  Deuham-OU)herts  type,  and  the  simplicity  and  small  number  of 
parts  makes  the  track  lay  in  <;■  very  easy.  The  trou<»h  sliape  of  the  tie 
renders  the  track  more  dillicult  to  ali<>ii,  but  once  in  line  it  also  pre- 
vents its  moving.  It  is  diflicult  to  pack  but  may  be  considered  self- 
[)ackin<>-;  a  hole  mii>ht  be  punched  at  (^.ach  end  so  that  it  can  be  seen  if 
the  tie  is  properly  packed.  J^ebble  or  coarse  san<l  ballast  should  be 
used.  He  considered  it  on  the  whole  an  excellent  tie  and  su|)erior  to 
the  Denbam-Olpherts  type. 

Diiond-Manmau  Railway. — The  track  of  this  line,  which  is  operated 
by  the  Great  Indian  Peninsula  Railway  Company,  consists  of  double- 
headed  steel  rails  weighing  70  pounds  per  yard  laid  ou  ties  of  cast-iron 
bowls  weighing  94  ])ounds  each. 

Bhopal  Itaksi  Railway. — This  line  is  also  operated  by  the  Great 
Indian  Peninsula  Railway  Company.  The  rails  are  of  steel  weighing 
02  pounds  per  yard,  and  the  ties  are  partly  of  steel  and  partly  of  creo- 
soted  i)ine  and  other  kinds  of  wood. 

Northwestern  Railways — This  system  includes  the  Sind,  Pun- 
jab and  Delhi,  the  Punjab  Northern,  the  Indus  Valley,  the  eastern  sec- 
tion of  the  Sind  Sagar,  and  the  southern  section  of  the  Sind-Pishin 
railways,  on  which  different  kinds  of  wooden  and  metal  ties  are  used. 
These  lines  have  all  been  amalgamated  into  one  system  under  the  name 
of  the  Northwestern  Radway,  with  a  total  length  of  nearly  -},500  miles. 
Three  types  of  metal  track  are  used,  viz,  cast-iron  bowls,  Denham-Ol- 
pherts  cast-iron  plates,  and  the  state  railways  steel  cross  tie  (See  Plate 
No.  24).  Mr.  F.  R.  Upcott,  the  engineeriu-chief,  has  furnished  me  with 
a  detailed  statement,  dated  in  July,  18S9,  in  regard  to  this  line,  refer- 
ring principally  to  th(^  steel  ties,  as  they  are  to  be  the  future  standard, 
the  cast-iron  bowls  and  plates  becoming  obsolete.  The  types  of  track 
include  double-headed  and  bull-headed  rails  on  wooden  ties,  flange  rails 
ou  wooden  ties,  double-headed  and  bull-headed  rails  on  cast-iron  bowls. 
These  are  being  gradually  replaced  by  the  75-pound  rails  on  steel  ties. 

There  are  about  000  miles  laid  with  these  steel  ties;  of  this  length 
400  miles  are  in  easy  country,  the  rema  nder  being  on  grades  of  1  in  40 
and  1  in  25,  with  curves  of  800  feet  radius  aud  upwards.  They  were 
laid  in  1880  and  1887  under  the  supervision  of  Mr.  Upcott.  The  traffic 
is  light;  on  the  level  plains  the  trains  are  hauled  by  engines  weighing 
about  50  tons,  and  on  the  heavy  grades  by  engines  weighing  02  tons, 
with  14  tons  on  the  driving  axle.  The  ties  are  of  the  type  adopted  on 
the  state  railways,  but  are  of  two  patterns,  one  of  which  has  the  ordi- 
nary form  of  clips,  while  the  other  has  clips  strengthened  by  a  corruga- 
tion lengthwise  of  the  tie,  forming  a  rib  and  reducing  any  tendency  to 
force  open  the  clip  or  split  the  tie;  it  is  not,  however,  thought  to  be  an 
advantage.  They  are  8  feet  9  inches  long,  of  rounded  trough  section, 
bent  up  at  the  rail  seats  to  give  an  inward  inclination  to  the  rails,  and 
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having  closed  ends  rounded  and  dished.  The  ties  with  eoriugated  clips 
are  4^  inches  deep  and  8i  inches  wide  at  the  middle,  3|  inches  deep 
and  9i-  inches  u  ide  at  the  rail  seat,  and  12  inches  wide  at  the  end. 
They  are  made  from  plates  1  foot  Ih  inches  wide,  9  feet  long,  one- 
fourth  inch  thick  at  the  sides,  and  one-third  inch  thick  for  a  width  of  4A 
inches  at  the  middle,  but  the  thickness  is  increased  gradually.  Tlic 
other  ties  are  4:'^  inches  deep  and  7h  inches  wide  at  the  middle,  with  tlio 
top  table  12  inches  radius  and  top  corners  1^^  inches  radius;  the  width 
is  10  inches  at  the  rail  seats  and  13  inches  at  the  ends,  which  are  closed 
by  a  vertical  curve  of  7  inches  radius.  The  top  table  hns  an  extra 
thickness  for  a  width  of  4|V  inches.  The  sizes  of  the  clij)S  and  ke}  s  juv 
the  same  as  on  the  state  railways,  and  the  adjustment  of  gauge  is  made 
in  the  same  way  as  on  those  lines.  In  the  track  the  ties  are  laid  3  feet 
apart,  center  to  center.  Their  durability  so  far  has  been  good.  8ome 
have  been  laid  in  very  saline  soil,  which  has  stripped  off  the  preserva- 
tive coating,  but  the  steel  has  not  suffered  much  in  the  two  years  it  has 
been  in  the  track.  Experiments  are  being  made  as  to  corrosion,  etc. 
The  ties  are  manufactured  by  the  principal  steel-making  tirms  in  Eng- 
land, and  are  dipped  in  Dr.  Angus  Smith's  composition  at  the  works. 
The  cost  is  from  $23.75  to  $25  per  ton.  As  regards  expense  for  main 
tenance,  for  ordinary  roads  the  average  is  2^  men  per  mile  of  single  track, 
costing  7  rupees  ($2.33)  per  man  per  month  ;  for  frontier  and  hilly  roads, 
3  to  4  men  per  mile,  costing  $3.30  per  man  per  month. 

The  rails  are  of  steel  flange  section,  weighing  75  pounds  per  yard  : 
4y|  inches  high,  2^^  inches  width  of  head,  4  inches  wide  over  the 
flange.  For  200  miles  the  ballast  is  of  sand  covered  with  3  inches  of 
broken  stone  or  brick;  at  the  rails  it  is  12  inches  deep  and  co\ers  the 
flanges  of  the  rail ;  in  the  middle  of  the  track  it  is  9  inches  deep,  leav- 
ing the  topof  the  tie  exj)osed;  the  side  slopes  are  2  to  L,  and  the  width 
of  the  ballast  at  sub  grade  is  15  feet.  This  method  answers  very  well 
where  the  rain-fall  is  small  and  high  winds  do  not  prevail.  Sroin', 
either  in  a  natural  state  or  broken  up  by  hand,  is  also  used,  and  answei  s 
very  well  after  the  track  has  been  laid  for  some  months;  at  first  a  good 
deal  of  packing  is  required  to  get  the  ballast  up  into  the  hollow  of  the 
tie. 

The  steel  ties  were  adopted  for  reasons  of  economy  and  progress, 
track  with  wooden  ties  not  being  satisfactory  in  India.  The  general 
results  may  be  said  to  be  satisfactory,  hut  the  element  of  durability  has 
not  yet  been  fully  established.  There  is  no  tronble  with  maintenance 
exce[)t  that  more  attention  has  to  be  given  to  keeping  the  middle  of  the 
ties  free.  In  laying  for  the  first  time  the  rails  have  to  be  canted  to 
get  them  into  the  seat  between  the  lug,  and  it  is  difticnlt  to  take  out 
any  single  tie  without  unduly  pinching  back  the  li[)  of  the  lug.  The 
Key  never  shifts  after  driving  and  opening  out  the  split  end.  As  to 
breakages,  Mr.  Ui)cott  says  he  has  only  seen  half  a  dozen  broken  ties 
out  of  half  a  million,  but  they  get  cruni[)ied  u\)  under  an  engine  derail- 
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ment,  esju'cially  if  not  well  baciked  up.  A  steel  die  is  used  to  bring 
these  distorted  ties  into  shiipe.  The  wooden  ties  cost  about  ->  rui)ees 
(si)  eacli ;  tliey  are  mostly  of  deodar  or  jnnitfi  exceUior^  growing  in 
the  lliiualaya;  it  lasts  from  ten  to  fifteen  years,  if  projierly  mana<;ed. 
The  steel  ties  eost  about  G  rupees  ($-J)  at  a  mean  distance  from  the 
port,  and  they  are  better  able  to  stand  the  climate  than  the  wood.  Mr. 
Upeott  is  satisfied  that  the  onl^'  point  to  be  urged  agaiust  the  ties  is 
possibility  of  fast  corrosion.  His  three  years  of  experience  with  them 
leads  him  to  think  that  the  mild  steel  of  which  they  are  made  will  not 
corrode  so  fast  as  the  wrought-iron  and  cast-iron  now  corrodes  on  the 
worst  places  on  the  line,  where  the  soil  is  saturated  with  chlorate  of 
sodium.  In  a  report  to  the  director-general  of  railways  in  March,  1888, 
Mr.  Upeott  stated  that  the  new  type  of  steel  ties  (state  railway  pattern) 
laid  in  sand  ballast  on  the  Sind-Sagar  line,  answered  very  well ;  they 
were  easy  to  pack,  and  the  keys  held  quite  tight,  even  when  not  split 
at  the  ends.  Only  one  or  two  cases  of  hogging  had  been  reported, 
which  were  due  to  the  tie  riding  on  hard  material  at  the  middle.  The 
rusting  was  slight,  and  no  breakages  had  occurred.  The  rails  did  not 
creep,  and  this  was  attributed  to  the  absolute  fixture  of  the  rail  ou  the 
tie  and  to  the  latter  being  anchored  in  the  ground  by  its  sides. 

The  cast-iron  bowls  used  are  of  oval  form,  25  inches  long  by  21  inches 
wide,  the  greater  length  being  parallel  with  the  track;  the  thickness 
was  about  seven-sixteenths  to  one-half  inch.  The  rails  are  of  double- 
headed  section  resting  on  two  wooden  cushions,  and  fastened  between 
the  jaws  of  the  chair  by  a  wooden  key.  The  tie-bars  are  2J  inches  deep 
by  five-eighths  inch  thick,  passing  through  both  bowls  and  secured  by 
a  gib  on  the  inner  side  and  a  cotter  on  the  outer  side  of  each  bowl. 
The  ballast  is  sand  covered  with  3  inches  of  broken  brick  or  stone; 
the  bowls  are  imbedded  nearly  up  to  the  chairs.  The  depth  of  ballast  is 
14  inches  under  the  rails,  decreasing  to  12  inches  at  the  top  of  the  side 
slopes  of  1 J  to  1,  and  8  inches  between  the  rails.  The  width  of  ballast 
bed  over  the  toe  of  the  slopes  is  13  feet  6  inches. 

The  Denham-Olpherts  cast-iron  plate  ties  are  of  the  type  adapted  for 
double-headed  rails,  the  rails  being  suspended  by  the  head  in  the  jaws 
which  form  the  chair.  The  plates  are  2  feet  10  inches  long  and  12 
inches  wide,  the  greater  length  being  transverse  to  the  track;  a  rib 
runs  across  the  middle  of  the  plate  on  the  bottom  side,  thus  giving  a 
hold  in  the  ballast  to  resist  lateral  motion  of  the  track.  The  rail  chairs 
are  7^%  inches  long.  The  tie-bars  are  2  inches  by  one-half  inch,  7  feet 
long.  They  are  secured  V)y  a  gib  on  the  outer  side  of  the  track,  and  a 
large  cotter  on  the  inner  side,  this  cotter  passing  through  the  webs 
which  run  from  the  chair  to  the  edges  of  the  plate,  and  holding  the  loose 
jaw  of  the  chair  in  its  place.  The  webs  are  transverse  to  the  track,  3 
inches  high  at  the  rail-seat  and  tapering  down  to  the  edges  of  the  plate. 

Mr.  Croudace,  superintendent  of  way  and  works  of  the  Sind  section, 
wrote  me  in  May,  1889,  that  he  thought  the  Denham-Olpherts  plate- tie, 
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with  tlie  cast-iron  jaws  supporting  the  upper  head  of  the  rail,  to  be  the 
most  satisfactory,  in  spite  of  its  having  a  tie-bar  passing  through  aflat 
cast-iron  table.  The  pressed  steel  ties  he  considered  are  dillicult  to 
pack,  but  have  the  advantage  in  siini)licity  and  a  minimum  number  of 
parts;  there  is,  however,  a  leverage  of  the  rail  to  break  the  clips. 

The  report  of  the  director-general  of  railways  for  the  year  ending 
March  31,  18SS,  makes  mention  of  about  OSOJ  miles  of  metal  track  on 
the  Punjab  section,  out  of  a  total  of  1.4:89;^  miles;  this  includes  250 
miles  of  steel  ties,  about  24:2  miles  of  oval  bowls,  Sd  miles  of  round  bowls, 
3d^  of  bowls  (not  described),  and  5  miles  of  old  bowls  (on  a  branch). 
On  the  Sind  section  the  same  report  mentions  about  400  miles  laid  with 
Denham-Olpherts  plate-ties  ;  the  length  of  this  section  is  895  miles. 

The  Sind,  Punjab  and  Delhi  Eailway,  now  a  part  of  the  Northwest- 
ern Eailwav,  is  still  laid  with  cast-iron  bowls  for  a  considerable  dis- 


tance, but  it  is  said  that  they  are  not  now  considered  so  favorably  as 
formerly  in  that  part  of  the  country.  Bowls  were  used  on  this  line  more 
than  twent3'-years  ago.  In  1877  it  was  stated  by  ^Ir.  Ernest  Benedict, 
in  his  paper  on  "  Metal  sleepers  for  railways,"  read  before  the  Society 
of  Engineers  and  Shipbuilders,  at  Glasgow,  Scotland,  that  the  general 
opinion  of  the  engineers,  based  ui)on  the  experience  often  years,  was 
decidedly  favorable  to  iron  bowls  in  preference  to  wooden  ties,  thougli 
some  thought  that  they  should  only  be  used  in  certain  kinds  of  ballast. 
The  former  cose  about  S(j^  rupees  ($28.75)  per  ton,  and  the  latter  i 
rupees  ($1.33)  each.  Owing  to  the  use  of  sand  and  earth  ballast  (whicli 
when  boxed  with  bricks  broken  fine  came  to  2,950  rupees  ($983.33)  a 
mile,  as  against  12,040  rupees  ($4,013.33)  for  the  ballast  of  broken  brick 
throughout,  used  with  wooden  sleepers),  the  cost  of  the  iron  road  com- 
pares favorably  with  the  wooden  one,  being  37,000  rupees  ($12,334)  a 
mile  for  the  wood  and  34,000  rupees  ($11,334)  for  the  iron. 

SiND-PiSHix  Eailway.— On  this  line  the  steel  ties  of  the  state  pattern 
are  used.  Mr.  F.  L.  O'Callaghau,  engineer  in  chief  of  the  northern 
section,  made  a  report  on  these  ties  to  the  director-general  of  railways 
in  April,  1888.  He  gave  the  following  comparison  of  the  weights  and 
numbers  of  parts  of  different  ties : 

Weiffbt.  '  Parts. 


(a)  Steel  tie. 

(b)  Ucodai- 

(c)  Te;ik    

(d)  Denliaui-Olpborts 
{e)  Bowl 


Pounds.  Xo. 

120  '             3 

U3  5 

160  5 

229  9 

180  9 


a,  tie  and  2  kevs;  b  and  c,  tie  and  4  spike>=«:  d,  2  cast-irou  plates,  2  cast-iron  jaws,  1  wrought-iron 
tie-bar,  2  wroiijilit-iron  j^ibs,  and  2  wrouiiiht-iioii  totters:  e,  2  bowls.  1  tie-bar,  2  gibs,  2  cotters,  2  keys. 

The  track,  he  stated,  is  easily  and  rapidly  laid,  but  somewhat  diffi- 
cult to  pack  up  in  the  tirst  irstance.  The  practice  was  to  i)ut  the  ballast 
in  two  parallel  heaps  about  G  feet  apart  center  to  center,  and  about  18 
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inches  bi«:i^li;  the  ties  spanned  these  two  stacks  and  were  forced  down 
into  them  by  the  tirst  passage  of  an  engine  5  the  space  under  the  rail 
was  til  us  solidly  lillod  and  the  space  between  the  stacks  of  ballast,  was 
then  lilh'd  in  with  sand,  as  any  hard  material  under  the  middle  of  the 
tie  is  liable  to  cripple  it.  The  narrow  space  between  the  lugs  was 
complained  of,  but  it  was  stated  that  if  made  wide  enough  to  admit  the 
rail  tiange  horizontally,  four  keys  would  be  required  on  curves  instead 
of  two;  and  ''the  remedy,  by  introducing  special  parts,  seems  worse 
than  the  disease."  The  turned  down  ends  of  the  ties  hold  the  ballast 
so  lirmly  that  very  little  is  required  beyond  the  ends.  Some  cases  were 
reported  in  which  the  lugs  were  cracked  off,  and  an  increase  in  the 
thickness  of  the  top  table,  by  adding  metal  to  its  under  side,  was 
recommended.  As  to  the  strength  of  the  ties,  it  was  stated  that  undrr 
ordinary  circumstances  they  are  as  strong  as  timber ;  a  heavy  derail- 
ment distorts  them,  but  under  similar  circumstances  wooden  ties  are 
generally  smashed  up,  and  any  kind  of  cast-iron  ties  so  broken  as  to  be 
useless,  the  tie-bars  only  being  repairable.  Other  reports,  made  about 
the  same  time,  suggested  the  use  of  a  loose-bolted  clip  on  one  side 
of  each  rail,  and  also  that  the  lugs  should  be  made  stronger.  A  num- 
ber of  objections  were  urged  against  the  old  form  of  steel  tie  (state 
railways  pattern,  1885). 

OuDii  AND  EoHiLKUND  Kailway. — This  road  is  laid  with  metal 
track  throughout.  In  March,  1888,  there  were  432  miles  of  cast-iron 
oval  bowl-ties,  75  miles  of  wrought  iron  saddle-ties,  and  182  miles  of 
MacLellan  and  Smith's  patent  Bessemer  steel  corrugated  bowl-ties. 
The  Cawnpore  branch,  45J  miles  long,  of  which  42  miles  were  built  in 
1807,  was  originally  laid  with  36-pound  rails,  on  corrugated  iron  bearing 
plates,  but  has  been  relaid  with  the  cast-iron  oval  bowl-ties  and  the  00- 
pound  flange  rails  used  on  other  parts  of  the  line.  The  corrugated  or 
embossed  steel  bowl-tie  made  by  P.  &  W.  MacLellan,  of  Glasgow,  is 
said  to  be  the  standard  type  of  tie  now  for  this  line,  and  it  was  of  these 
that  Sir  A.  M.  Eendel,  consulting  engineer  for  state  railways,  wrote  in 
1888  that  they  had  lasted  sixteen  years  without  injury.  These  bowls 
are  also  in  use  on  the  Calcutta  Port  Eailway.  At  the  beginning  of 
1875,  as  stated  by  Mr.  Ernest  Benedict  in  his  paper  on  "  Metal  sleepers 
for  railways"  (already  referred  to),  1877,  there  were  444  miles  laid  with 
oval  cast-iron  bowls,  having  recessed  pocket  for  wooden  cushions ; 
60  pound  flange-rails  were  used,  secured  by  iron  keys;  the  principal 
defect  was  in  the  jaw  which  held  the  key,  75  per  cent,  of  the  l)reakages 
occurring  at  this  point.  A  bowl  and  fastening,  exclusive  of  tie  bar, 
weighed  87^  pounds.  In  the  discussion  of  this  paper  Mr.  J.  E.  Wilson 
stated  that  the  wrought  iron  saddle-tie  had  been  adopted  on  this  road 
in  1869,  and  notwithstanding  its  weak  form  it  had  given  such  satisfac- 
tion that  its  use  was  continued,  25  miles  being  laid  in  1876.  After  a 
series  of  tests  the  use  of  iron  for  ties  had  been  abandoned  and  em- 
bossed steel  ties  adopted;  these  were  only  three-sixteenths  inch  thick, 
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as  it  bad  been  found  that  there  was  no  danger  of  coiTosioii.  A  pair  of 
these  steel  bowls  would  weigh  about  90  pouuds,  while  a  pair  of  cast  iron 
bowls  would  w'^igh  not  much  less  than  2iJ4  [bounds.  The  steel  bowls 
could  be  struck  out  of  a  steel  i)]ate  at  one  blow. 

Jam:-iu  and  Kashmir  Kailway.— In  the  report  for  the  year  eudiug 
March  31, 1888,  of  the  director-general  of  railways,  it  was  stated  that 
the  track  was  to  be  of  the  most  improved  type  in  use  on  the  North- 
western Eailway  (presumably  75-pound  flange-rails  on  steel  cross-ties 
of  the  state  railways  type.) 

Eastern  Bengal  Eailway. — The  report  of  the  director-general  of 
railways,  for  the  year  ending  March  31,  1888,  mentioned  34  miles  laid 
with  cast-iron  bowls,  20  miles  with  Deiiham-01i)herts  cast-iron  plate-ties, 
10  miles  with  Denham's  plate-ties,  and  one-fourth  mile  with  Greaves' 
cast-iron  bowls;  also  Vautherin  wrought-iron  and  De  Bergue  cast-iron 
ties  (length  of  track  not  stated)  on  the  northern  section  (see  State  Bail- 
ways);  and  Denham  Olpherts  plate-ties  on  the  Assam-Behar  section. 
On  the  Goalundo  extension,  opened  about  1871,  8  miles  of  the  main 
line  were  laid  with  spheroidal  cast-iron  bowls,  packed  with  the  ordinary 
sand  of  the  country.  Mr.  Ernest  Benedict,  in  his  paper  on  '»  Metal 
sleepers  for  railways"  (1877),  already  referred  to,  stated  that  they  were 
laid  in  sandy  earth  packing  and  the  grass  allowed  to  grow  over  it,  ex- 
cept within  6  inches  of  the  rails,  thus  protecting  the  sand  from  being 
washed  away  by  the  rain  or  blown  away  by  the  wind.  This  was  ex- 
pected to  save  the  cost  of  burning  clay  or  brick  for  ballast,  about  $7,500 
per  mile,  and  to  effect  a  great  economy  in  maintenance.  These  views 
were  found  in  practice  to  be  correct.  There  were  eight  pairs  of  bowls 
to  a  rail  length  of  20  feet,  as  compared  with  seven  wooden  ties;  they 
were  first  laid  on  brushwood  and  packed  with  sand,  but  later  the  ordi- 
nary sandy  loam  only  was  used,  packed  from  below  by  wooden  beaters 
and  then  tamped  through  the  holes  on  top.  The  bowls  were  22^  inches 
in  diameter,  nine-sixteenth  inch  to  1  inch  thick;  the  tie-bars  were  2J 
inches  by  ^-inch  section,  7  feet  4^  inches  long,  and  weighing  about 
31.V  pounds  ;  they  were  secured  by  cotters  on  the  outside  and  gibs  on  the 
inside  of  the  track.  The  rails  were  of  double-headed  section,  weighing 
74  pounds  per  yard.  Particular  attention  was  paid  to  the  drainage; 
besides  the  ordinary  trench  between  the  rails,  four  cross  drains  were 
cut  to  each  pair  of  rails,  two  to  the  right  and  two  to  the  left  between 
alternate  ties;  the  embankment  itself  was  rounded  off  and  there  was 
not  a  square  foot  of  level  surface  upon  its  top.  There  were  seven  trains 
each  way  per  day,  with  four-wheel  freight  cars  weighing  16  tons  (10 
tons  of  freight)  and  heavy  engines  with  four  coupled  wheels.  Mr.  Bene- 
dict gives  the  following  figures  in  regard  to  renewals: 

In  the  half  year  eudiug  June  30,  187G,  14,130  woodeu  ties  wer^  renewed,  or  at  the 
rate  of  uear'.y  10  per  ceut.  per  anuum  of  the  main  Hue  ties,  bringing  the  total  renew- 
als, which  have  been  mostly  on  the  main  line,  to  34.33  per  ceut.  of  the  whole  number 
of  ties,  and  leaving  40  per  ceut.  of  all  the  ties  in  the  line  fifteen  and  one-half  years 
old;  but  these  are  mostly  in  sidings.      Taking,  then,  that  nearly  all  the  renewals 
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have  Ihmmi  on  the  main  liiu',  tlio  yearly  {iveiai;e  so  far  (1877)  has  been  :>.44  per  eent.; 
but  it  may  also  be  taken  as  certain  that  another  'Xi  per  cent,  of  the  total  nnmber  of 
wooden  ties  will  have  to  bo  removed  from  the  main  line  duriu<^  the  next  two  years 
(to  1870).  This  would  j:;ive  a  yeaily  averaj^e  of  0  per  cent.,  or  a  life  of  sixteen  and 
one-half  years  to  the  old  ties  now  in  the  track,  of  which  two  years  passed  before  the 
line  was  open  for  trattic.  A«>ainst  this  we  have  364  or  1.25  per  cent,  of  bowls  renewed 
in  the  half  y.  ir,  making  a  total  of  0.1/ per  cent.,  all  on  tlie  main  line,  and  giving  a 
yearly  average  of  a  little  over  1  per  cent.,  or  a  life  of  eighty-nine  years  to  the  bowls. 

TiRHOOT  Kailway. — 111  1878,  Sir  Guilford  L.  Molesworth  designed 
some  cast-iron  bowls  for  this  line  (See  State  Kailways).  There  are  now 
in  nse  the  Deuhani-Olpherts  and  Denham's  cast-irou  plate-ties;  also 
sal  and  deodar  wood  ties. 

JoRHAT  Railway. — Fowler's  patent  portable  track,  with  14-pouud 
steel  flange-rails  on  corrngated  steel  cross- ties,  is  laid  for  3  miles;  the 
rest  of  the  line  is  laid  with  18-pound  rails  on  wooden  ties. 

Oherra-Companyganj  Railway. — On  this  line  7J  miles  are  laid 
with  !25-poand  steel  flange-rails  on  Fowler's  patent  steel  ties  for  light 
railwa.ys.  The  ties  are  flat,  with  a  middle  corrugation  forming  a  deep 
groove  along  the  upper  surface  of  the  tie.  The  outer  flange  of  the  rail 
is  held  by  a  clip  secured  to  the  tie  by  two  bolts ;  the  inner  flange  is  held 
by  the  hooked  end  of  a  bolt  w^hich  lies  in  the  groove  under  the  rail,  with 
a  nut  screwed  up  against  the  end  of  the  tie.  The  ties  are  45  inches 
long,  and  there  are  eight  to  a  rail  length  of  21  feet.  This  part  of  the 
line  is  worked  by  locomotives.  On  the  mountain  inclines,  worked  by 
steel  w  ire  ropes,  wooden  ties  are  used. 

BuRMAH  Railways. — Until  very  recent  years  the  ties  used  in  Bur- 
mah  were  almost  exclusively  of  iron- wood,  or  teak.  The  former  is  an 
excellent  timber,  impervious  to  white  ants,  and  little  troubled  with  dry- 
rot.  The  teak  is  softer,  and  lasts  eight  or  ten  years.  Steel  ties,  how^- 
ever,  have  been  experimented  with,  and  are  now  being  introduced,  as 
they  economize  in  the  expense  of  spikes,  and  are  claimed  to  last  forty 
or  fifty  years.  Recent  low  prices  have  greatly  aided  the  introduction 
of  steel  rails  and  steel  ties. 

Madras  Railway. — The  track  of  this  road  is  laid  almost  entirely 
with  cast-iron  bowls,  carrying  rails  weighing  60  to  84  pounds  per  yard. 
The  southwest  section  was  originally  laid  with  ties  of  indigenous 
woods,  but  as  early  as  1853  the  then  chief  engineer,  Mr.  G.  B.  Bruce, 
suggested  that  an  experiment  should  be  made  by  using  stone  blocks  2 
feetby  2  feet  by  1  foot.  The  Government  acceded  to  the  proposal  and 
sanctioned  the  purchase  of  00,000  stone  blocks.  Apparently,  however, 
only  about  800  yards  weie  laid  in  this  way,  and,  as  the  experiment 
proved  to  be  unsatisfactory,  the  blocks  were  all  removed  in  1857. 
Jungle-wood  ties  were  found  to  be  very  short-lived,  and  in  1861  it  was 
decided  to  replace  them  by  Greaves'-s  patent  cast-iron  bowls.  This  alter- 
ation has  i)roved  to  be  economical  and  satisfactory.  The  northwest 
section,  308  miles  long,  and  the  Bangalore  Branch,  87  miles  long,  are 
laid  with  iron  ties.  In  1877  it  was  stated  by  Mr.  Benedict,  in  his  paper 
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on  "Metal  Sleepers  for  Eaihvays/'  already  referred  to,  that  nearly  the 
entire  liue  was  laid  with  the  bowls,  except  about  70  miles  laid  in  later- 
ite  rock-ballast,  and  in  that  part  trenches  were  beiug-  luade  in  the  bal- 
last to  be  tilled  with  sand,  so  tliat  the  bowls  could  be  ])i\t  there  also. 
When  the  bowls  were  carefully  packed  they  made  a  smooth  track,  easy 
to  ride  over,  and  safe  for  high  speeds.  At  one  time  tie-bars  were  only 
used  to  every  alternate  pair  of  bowls,  but  now  they  are  used  for  every 
pair.  The  cost  of  maintenance,  as  compared  with  jungle- wood  ties,  was 
found  in  five  years  to  be  as  3  to  1  in  favor  of  the  bowls.  Creosoted 
pine  ties  have  been  tried,  but  are  not  preferred  to  the  iron.  About 
1886,  there  was  a  period  in  which  this  form  of  tie,  however,  fell  into 
disfavor,  but  it  has  survived  up  to  the  present  time. 

From  a  paper,  with  illustrations,  by  Mr.  E.  W.  Stoney,  chief  engineer, 
on  "  The  Creep  of  Kails  on  Double  Lines  of  Railway,"  published  in 
The  Indian  Engineer,  Calcutta,  October  29,  1887,  the  bowls  were  of  the 
Greaves  pattern  (See  State  Railways);  they  were  about  21  inches  in  di- 
ameter, arranged  in  pairs,  and  connected  by  transverse  tie-rods:  the 
ties  were  spaced  2  feet  6  inches  apart,  center  to  center  of  tie-rods, 
at  the  rail-joints,  and  3  feet  0  inches  apart  intermediate.  The  dis- 
tance between  the  near  rails  of  the  two  tracks  is  G  feet.  The  rails  are 
of  double-headed  section,  weighing  75  pounds  per  yard  ;  they  are  20  feet 
long,  connected  by  splice  bars  and  four  bolts,  the  joints  being  even  and 
suspended.  The  ballast  is  of  sand.  The  taper  of  the  keys  and  the 
jaws  of  the  bowls  was  in  the  direction  of  the  traffic  for  the  outside 
rails  of  each  track,  and  in  the  opposite  direction  for  the  inside  rails. 
The  creeping  of  the  track  in  the  direction  of  the  traffic,  therefore, 
tended  to  tighten  the  keys  of  the  outside  rails  and  to  loosen  those  of 
the  inside  rails  ;  consequently,  the  creeping  of  the  inner  rails  was  much 
greater  than  that  of  the  outer  rails.  In  regard  to  this  creeping,  which 
is  a  matter  of  importance  to  railway  engineers,  Mr.  Stoney  states  that 
it  is  in  the  direction  of  the  traffic;  the  joints  are  sometimes  drawn  out 
as  much  as  5  inches,  when  the  fish-plate  came  against  the  jaws  of  the 
bowl;  but  even  then  the  force  w^as  sufficient  to  pull  the  bowl  through 
the  ballast,  sometimes  bending  the  tie-bars,  shearing  or  breaking  three- 
fourths  inch  splice  bolts,  and  breaking  the  jaws  of  chaiis  which  were 
immovably  fixed  on  girder  bridges. 

South  Indian  Railway. — This  line  was  formerly  the  Great  South- 
ern of  India  Railway.  It  was  commenced  in  1859,  and  was  built  to  the 
Indian  gauge  of  5  feet  6  inches,  but  during  the  years  from  1875  to  1879 
it  was  converted  to  meter  gauge.  Cast-iron  bowls  were  made  for  this 
road  in  1877  (as  described  under  State  Railways).  In  that  year  the 
road  had  86  miles  laid  with  these  ties  in  sand  ballast;  they  were  laid 
with  seven  pairs  to  a  rail  length  of  21  feet.  At  first  tie-bars  were  oidy 
used  at  ever^"  alternate  pair  of  bowls,  but  now  at  every  pair.  Each 
bowl  had  a  teak  cushion  on  which  the  rail  rested.  On  the  broad-gauge 
line,  about  half  was  laid  with  iron  and  half  w^ith  wooden  ties.    As  the 
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latter  decayed  they  were  replaced  with  iron.  The  track  was  laid  witu 
40  poll ud  rails  and  light  ties,  bnt  it  is  being  rapidly  relaid  with  50  pound 
rails  and  heavier  ties.  In  October,  1889,  the  consulting  engineer.  Sir 
Douglas  Fox,  intbrnied  nie  that  there  were  about  140  miles  laid  with 
cast-irou  bowls,  and  extensions  aggregating  300  miles  were  being  laid 
with  steel  ties  of  the  State  Railways  pattern  for  meter-gauge,  large 
numbers  of  which  were  sent  to  India.  In  his  opinion,  the  cast-iron  tie 
is  by  far  the  best  under  most  circumstances.  The  grades  and  curves  of 
the  road  are  easy.  The  engines  have  a  weight  of  about  3i  tons  on  the 
driving  wheels,  and  they  haul  the  trains  at  a  speed  of  about  25  miles 
per  jiour. 

The  bowls  are  20  inches  long  at  the  bottom,  at  right  angles  to  the 
rail.  The  thickness  of  the  metal  averages  eleven-thirty-seconds  inch, 
and  the  weight  is  70  pounds  each.  The  height  from  the  bottom  of  the 
bowl  to  the  top  of  the  jaws,  forming  the  rail-chair,  is  7|  inches,  and  7| 
inches  for  the  inner  and  outer  jaws  respectively'.  The  tie-bar  is  of 
wrought-iron,  Ig  by  three-eights  inch  section,  5  feet  6J  inches  long,  and 
weighs  11  pounds.  It  is  placed  on  edge,  and  passes  through  the  bowls, 
being  secured  on  the  outer  side  of  each  bowl  by  a  split  cotter,  and  on 
the  inner  side  by  a  gib.  The  cotters  weigh  43^  pounds  per  hundred, 
and  the  gibs  17  jiounds  per  hundred.  The  rails  are  of  steel,  of  bull- 
headed  section,  weighing  50  pounds  per  yard.  The  lower  table  rests 
on  a  wooden  packing-piece,  or  cushion,  and  a  compressed  oak  key,  or 
wedge,  is  driven  between  the  web  of  the  rail  and  the  outer  jaw  of  the 
chair,  the  jaw  being  corrugated  so  as  to  bite  into  and  hold  the  key.  The 
rails  have  an  inward  inclination  of  1  in  20.  The  ballast  is  of  a  stone 
called  laterite.  The  cost  of  construction  of  the  road  is  said  to  have  been 
about  $33,500  per  mile. 

A  special  feature  of  some  of  the  steel  ties  used  (not  the  state  rail- 
ways pattern),  was  that  the  clips  were  not  stamped  out  of  the  metal  of 
the  tie,  but  two  wrought-iron  plates  with  jaws  were  secured  to  each  tie 
by  four  rivets,  each  rail  resting  on  a  plate.  They  were  laid  in  April, 
18vS5,  to  replace  creosoted  pine  ties,  and  in  October,  1888,  Mr.  David 
Logan,  chief  engineer,  reported  that  some  had  been  found  cracked 
round  the  plates,  the  weight  of  the  traffic  appearing  to  have  a  tendency 
to  punch  the  plates  through  the  tie.  The  cracked  ties  weighed  about 
62  to  64  pounds  each,  while  the  average  weight  of  ties  of  this  class  was 
about  70J  pounds.  The  rails  were  oi  flange  section,  weighing  40  pounds 
per  yard,  and  were  secured  by  wooden  keys  in  the  same  way  as  a  dou- 
ble headed  rail  in  a  chair. 

Great  IrsDiAN  Peninsula  Railway.— On  this  line,  cast-iron  bowls 
are  extensively  used.  They  have  been  adopted  for  the  standard 
track  oi"  the  road  as  a  form  of  bowl  which  gives  good  satisfaction, 
arrived  at  by  gradual  improvement.  They  are  of  oval  shape,  and  are 
spaced  2  feet  9  inches  apart,  center  to  center.  They  are  being  used  not 
only  for  maintenance  and  renewals,  but  also  on  the  double  tracking  of 
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the  lines.  As  laid  in  1877,  there  were  eight  i)airs  of  bowls  to  a  rail 
length  of  24  feet.  The  rails  were  of  iron,  and  weighed  08  pounds  per 
yard.  The  rails  now  used  are  of  steel,  and  weigh  09,82,  and  80  pounds 
])('r  yard.  At  a  meeting  of  the  company  in  June,  1889,  the  president,  in 
l)resenting  the  report  for  the  half  year  ending  December  31, 1888,  made 
the  following  remarks  in  regard  to  the  ties  used  : 

V>"lieu  tlie  railway  was  first  worked  woodeu  sleepers  were  very  largely  used.  We 
found  iu  ver^^  early  days  that  it  would  be  advaatageous  to  introduce  irou  sleepers  in 
substitution  for  wood.  It  was  done  iu  some  degree  tentatively,  but  with  some  ra- 
pidity after  a  little  while.  In  1872,  just  after  the  railway  had  been  completed  through- 
out, our  road  consisted  of  1,110,000  iron  sleepers  and  1,638,000  wooden  slcejHT.s, 
Many  of  the  wooden  sleepers  have  been  replaced,  and  we  have  now  2,190,000  iron 
sleepers  as  compared  with  977,000  of  wood;  and  the  advantage  of  this  is  that  v^hile 
one  represents  the  renewal  of  iron  sleepers  per  hundred,  it  takes  5.09  of  teak  wood 
sleepers  and  pine  sleepers  to  do  as  advantageously  as  the  iron  does,  and  the  elftct  i.s 
that  you  get  done  with  Iper  cent,  that  which  takes  more  than  5  per  cent,  in  the  case 
of  the  teak  sleepers,  which  are  the  next  durable  we  have. 

Bombay,  Baroda  and  Central  India  I^ailway.— In  September, 
1889,  Mr-  J.  M.  Sleater,  the  chief  engineer,  forwarded  me  a  statement 
iu  regard  to  this  road.  There  were  then  77.48  miles  laid  with  the  cast- 
iron  bowls;  they  were  laid  at  different  dates,  under  the  supervision  of 
the  late  Mr.  A.  F.  W.  Forde  and  the  late  Mr.  F.  Matthews,  who  were 
successively  chief  engineers  of  the  road.  The  steepest  grade  is  1  in  100 ; 
ruling  grade,  1  iu  500 ;  sharpest  curve,  1,500  feet  radius.  There  is  a 
heavy  trafhc,  with  freight  trains  of  fifty  cars.  The  total  weight  of  en- 
gine and  tender  is  about  02  tons,  with  14  tons  on  the  driving  wheels. 
The  bowls  are  oval  in  plan,  about  21  inches  by  20  inches,  the  major  axis 
being  parallel  with  the  rail ;  the  depth  of  the  bowl  (inside)  is  about  5 
inches,  and  the  total  depth  from  the  top  of  the  jaws  which  toi^j  the  rail 
chair  to  the  bottom  of  the  bowl  is  about  9i  inches.  The  thickness  varies 
from  about  one  half  inch  to  three-fourths  inch.  At  the  middle,  between 
the  jaws,  the  top  is  flat  for  a  width  of  0  inches;  on  this  tlje rail  does  not 
bear,  resting  on  two  wooden  cushions  about  5^-  inches  long,  2^  inches 
wide,  and  1  incli  thick,  in  sockets  of  the  casting,  one  on  each  side  of 
the  flat  portion.  There  are  two  tamping  holes  2'^  inches  in  diameter  iu 
the  top  of  the  bowl.  They  weigh  87  pounds  each  and  cost  53  rupees  L 
anna  8  pice  (817.25)  per  ton,  delivered  in  Bombay;  ten  years  ago  the 
price  was  04  rui)ees  2  annas  8  pice  ($21.15)  per  ton.  The  tie-bars  are 
7  feet  7^  inches  long,  2  by  J  inch  section,  placed  on  edge;  they  pass 
through  the  bowls  and  are  secured  by  a  cotter  on  the  outer  side  and  a 
gib  on  the  inner  side  of  each  bowl.  The  ties  are  spaced  about  3  feet  5 
inches  apart,  center  to  center  of  tie-bars.  The  rails  are  of  double-headed 
section,  of  steel,  weighing  09  pounds  per  yard;  they  are  secured  in  the 
chairs  by  wooden  keys  or  wedges.  The  rail  joints  are  suspended  and 
are  spliced  by  deep  splice  bars,  the  lower  part  curved  to  clear  the  lower 
head  of  the  rail.  The  ballast  is  of  stone  and  gravel,  but  must  not  be 
more  than  1  inch  in  size.  The  width  of  the  ballast  bed  is  14  feet  at  the 
bottom,  or  at  subgrade;  11  feet  on  top,  with  side  slopes  of  1  to  1;  the 
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top  snrfiice  is  flat,  and  is  lovel  witli  tlie  under  side  of  tlie  rail  beads. 
The  width  of  embankments  at  snbgrade  is  18  lect.  The  balhist  behaves 
fairly  well  under  the  ties.  The  reason  for  adopting  metal  ties  was  their 
supposed  cheapness,  and  the  general  results  have  been  fairly  satisfac- 
tory; there  is  no  trouble  with  the  rail  attachments,  nor  with  main- 
tenance; breakages,  however,  occur  where  the  stone  ballast  is  larger 
than  1  inch  in  size.  JMr.  ISleater  considers  the  track  not  as  good  as  that 
on  wooden  ties.  The  wooden  ties  used  are  of  creosoted  pine,  cost  2 
rupees  8  annas  (80  cents)  apiece,  and  have  a  life  of  about  eight  years. 
The  following  table  shows  the  quantities  and  weights  of  the  metal  track 
per  mile : 

Material  and  weight,  metal  tracJc. 


Rails  (30  feet  long) 

Bowls 

Tie-bars 

Cotters 

Gibs  


Fish-plates 

Bolts  and  nuts. 


Total 


Material. 


.pounds. 

do... 

...do... 
.ounces. 
....do... 
.pounds. 
do... 


Oak  cushions ounces. 

Wood  keys pounds 


Actual  reqviire- 
ments. 


Unit 
weight. 


87 
26 

3^ 
10 

H 


Number. 


352 
3,168 
1,584 
3,168 
3,168 

704 
],408 


Allow- 
ance for 
waste. 


Fr.  ct. 


6,336 
3,168 


Weight 
per  mile. 


Tons. 

108.42 

125.  50 

18.  39 

.97 

.32 

3.30 


257. 89 


1.85 
1.48 


In  his  paper  on  '^  Metal  Sleepers  for  Railways"  (1877),  already  re- 
ferred to,  Mr.  Ernest  Benedict  stated  that  on  this  line  some  thought 
that  bowls  were  superior  to  wood  wherever  coarse  sand  or  tolerably 
firm  gravel  was  procurable,  while  others  said  that  they  should  only  be 
used  where  durable  timber  can  not  be  obtained  at  a  moderate  cost. 
There  were  six  pairs  of  oval  bowls  or  seven  wooden  ties  to  a  rail-length 
of  24  feet,  giving  about  the  same  bearing  surface,  and,  taking  the  cush- 
ions into  account,  about  the  same  distance  between  the  points  of  sup- 
port. This  very  nearly  equalized  the  original  cost  of  the  tracks,  and 
it  was  found  that  the  track  on  metal  ties  could  be  kept  in  order  at 
about  the  same  cost  as  that  on  the  ordinary  wooden  ties.  With  broken 
stone,  coarse  shingle,  or  any  ballast  that  cakes  or  hardens,  the  bowls 
were  liable  to  be  broken.  In  this  respect  circular  bowls,  ribbed,  were 
found  stronger  than  oval  bowls.  On  the  Nagpoor  district  there  were 
many  breakages,  through  allowing  the  track  to  run  ''  hard,"  while  in 
other  districts,  in  sand  ballast,  the  breakages  did  not  exceed  2  per  cent, 
per  annum. 

Tarakeshwar  Rail\yay. — This  line  is  operated  as  a  part  of  the 
East  Indian  Railway  system,  and  is  laid  with  Denham-Olpherts  cast- 
iron  plate  ties  of  the  latest  type.     (See  East  Indian  Railway.) 
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Delhi,  U^mballa.  and  Kalka  Ratltvay.— This  is  a  new  lino  now 
under  construction,  on  which  the  Deniiam-Olplierrs  cast-iron  plates  are 
to  be  used,  but  u])  to  June,  1889,  no  track  had  been  hiid.  The  rails  will 
be  of  steel,  double-headed  section,  wei.ubin*^'  7.")  pounds  per  yard.  The 
ballast  will  be  i)artly  of  brick  and  partly  of  stone,  and  the  .ueneial  type 
of  track  throughout  will  be  in  accordance  with  the  standards  of  the 
East  Indian  Eailway. 

The  southern  division  of  130  miles  is  over  easy  country,  with  a  rulin"' 
grade  of  I  in  300,  while  the  northern  division  has  a  ruling  grade  of  1 
in  40.  The  miniuinm  radius  of  curves  of  the  two  divisions  is  one  half 
mile  and  one- fourth  mile,  respectivel3\  Mr.  LI.  A.  Way  is  chief  engi- 
neer and  Mr.  William  Duff  Bruce  is  consulting  engineer.  The  cost  is 
estimated  at  832,500  per  mile,  exclusive  of  rolling  stock.  The  cost  of 
the  East  Indian  Eailway,  including  equipment,  is  given  as  about 
$110,000  per  mile,  and  that  of  the  Scinde,  Punjab  and  Delhi  Eailway 
as  about  $80,000  per  mile.  The  State  will  provide  all  rolling  stock  and 
will  operate  the  line  for  50  per  cent,  of  the  gross  recei})ts.  It  will  be 
worked  by  the  East  Indian  Kailway  Company  under  a  contract  witli  the 
State. 

Thaton-Duyinzaik  Railway.— The  track  of  this  road  consists  of 
steel  flange  rails  on  steel  and  wooden  ties. 

H.  H.  THE  Niza:m's  Railway.— Some  cast-iron  bowls  of  a  type  used 
on  the  state  railways  were  in  use  on  this  road  in  1877.  At  the  end  of 
March,  1888,  109f  miles  were  laid  with  66^-pouud  steel  rails  on  ste(  1 
cross-ties  of  the  state  railways  pattern,  87  miles  with  08-pound  rails  on 
cast-iron  bowls  purchased  from  the  South  Indian  Kailway,  6  miles  with 
GG:|-j)ound  flange  rails  on  Bessemer-steel  ties,  and  the  remainder  with 
GO-pound  flange  rails  on  creosoted  pine  and  jungle-wood  ties.  Mr.  W. 
A.  Lyle,  chief  inspector  of  maintenance,  who  has  had  nearly  thirty 
years'  experience  with  metal  and  wooden  ties,  wrote  me  in  September. 
1889,  stating  that, in  his  opinion,  cast-iron  ties  were  not  reliable;  wooden 
ties,  he  thought,  cost  too  much  to  preserve,  and  even  when  pre- 
served they  were  not  reliable,  as  the  gauge  spreads  under  the  lateral 
pressure  of  the  wheels  of  trains,  and  the  ties  split  and  rot.  In  August. 
1889,  Mr.  Lyle  made  a  report  to  Sir  A.  M.  Reudel,  the  consulting  engi- 
neer, upon  the  State  Railways  type  of  steel  tie,  of  which  he  had  six  years' 
experience,  three  years  having  been  with  the  new  pattern.  He  found 
this  latter  pattern  superior  to  anything  else  he  had  ever  tried,  for  the 
following  reasons: 

(1)  It  is  easily  handled  and  laid  in  the  track. 

(2)  It  holds  well  in  line  and  surface. 

(3)  The  gauge  can  be  easily  and  uniformly  adjusted  on  curves. 

(4)  The  lugs  are  not  too  rigid,  and  the  key  is  kept  in  place  wlien  once 
properly  driven. 

(5)  The  maintenance  is  easy  when  the  track  has  become  consolidated. 

(6)  If  damaged  by  a  derailment  the  tie  can  be  lepaired  and  made 
serviceable  at  a  small  cost. 
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He  bad  not  found  the  i)reservative  coating  to  cjouie  off  or  the  ties  to 
rust  except  in  a  few  raie  cases,  due  to  the  use  of  bad  balhist,  impreg- 
nated with  saltpeter,  etc.  Sand  ballast  lie  considered  best,  while 
broken  stone  he  thought  scratched  the  preservative  coating  and  con- 
solidated to  too  hard  a  bed,  like  macadam.  To  lessen  the  labor  of  pack- 
iiig  and  tamping  he  suggested  the  making  of  a  packing  hole  I'l  inches  in 
diameter  at  each  end  of  the  top  of  the  tie,  the  holes  to  be  so  punched 
as  to  leave  a  rib  or  burr  around  them.  The  cost  would  be  small,  and 
he  estimated  that  he  could  carry  on  the  maintenance  with  five  men  less 
for  every  4  miles  of  line.  He  thought  the  ballast  should  be  only 
level  with  the  tops  of  the  ties,  not  covering  them. 

In  February,  1880,  Mr.  W.  0.  Furnivall,  chief  engineer,  reported  to 
the  director-general  of  railways  that  his  experience  with  the  im- 
proved pattern  of  the  State  Railways  steel  ties  was  very  favorable  to 
tiieir  use.  They  can  be  easily  and  quickly  laid,  are  preferable  to  tim- 
ber in  diversions  on  rough  temporary  roads,  except  only  where  stone 
and  rock  occur,  and  then  only  a  sand  packing  must  be  employed.  A  line 
laid  with  these  "pea-pod"  ties  is  cheaply  maintained;  the  ties  keep 
their  position  well,  and  do  not  oxidize  where  the  ballast  is  good.  The 
slight  friction  caused  by  the  passage  of  trains  pressing  the  sand  in 
stone  ballast  against  the  nnder  side  of  the  tie  suffices  to  brush  off  any 
particles  of  oxidation  which  might  otherwise  exist.  Incases  of  derail- 
ment he  had  found  the  ties  easy  to  repair. 

Khamgaon  Railway. — The  track  of  this  line  is  laid  with  60-pound 
ilange  rails  on  oval  bowls.  The  road  is  operated  by  the  Great  Indian 
Peninsula  Railway  Company. 

Amraoti  Railway.— This  line  is  laid  with  68-pound  rails  on  iron 
ties.     It  is  operated  by  the  Great  Indian  Peninsula  Railway  Company. 

H.  H.  THE  Gaekwah's  Railway. — The  Yiramgam-Mehsana-Yadna- 
gar  Railway  is  laid  with  41^-pound  steel  rails  on  steel  cross-ties.  The 
line  is  owned  by  the  Gaekwar  ot  Baroda,  and  is  operated  by  the  Bom- 
bay, Baroda  and  Central  India  Railway  Company.  The  other  line, 
known  as  the  Gaekwar's  Railway,  is  laid  with  wooden  ties. 

Bhavnagar,  Gondal,  Junagarh  and  Porbandar  Railway. — 
The  extension  to  Porbandar  will  be  laid  with  41J-pound  steel  flange 
rails  on  steel  cross-ties ;  this  line  will  be  69  miles  long.  Of  the  259| 
miles  in  operation,  193J  miles  are  laid  with  similar  rails  on  half-round 
pine  ties,  and  GO^  miles  with  similar  rails  on  jungle-wood  ties  from  a 
local  forest. 

MoRvi  Railway. — Part  of  this  line  runs  along  a  highway.  The 
track  is  laid  with  about  90  miles  of  19i)0und  steel  rails  on  Kerr  and 
Stuart's  patent  steel  ties,  which  are  similar  to  the  state  railways  type. 
(See  Kerr  and  Stuart,  England.) 

JoDHPORE  Railway.— The  Pachpadra  extension,  59|  miles  long,  is 
laid  with  36-pouml  rails  on  steel  cross-ties.  The  main  line  is  laid  with 
similar  rails,  19  miles  on  creosoted  pine  ties,  and  45  miles  on  jungle 
wood  ties. 
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Calcutta  Port  Kailway.— This  is  a  line  of  5  feet  G  inches  gauge, 
owned  by  the  port  commissioners.  The  following  rei)ort  was  kindly 
prepared  for  me  by  Mr.  E.  Desbruslais,  assistant  engineer,  at  the  in- 
stance of  the  commissioners : 

The  line  is  in  three  sections:  No.  1,  from  Clianpal  Gb.it,  Calcutta,  to  the  govern- 
ment gun  foundry,  Ghat,  4.085  miles,  laid  -^ith  three  tracks ;  No,  2,  from  Chaupal 
Ghat  to  Kidderpore  docks,  including  the  dock  lines,  7.25  miles;  No.  3,  from  the  Kid- 
derpore  Docks  to  brick  fields  at  Akra,  3.50  miles.  Sections  No.  1  and  No.  2  are  laid 
with  stev;i  bowls  ;  No.  3  is  only  a  temporary  line.  On  section  No.  2  the  curves  are  very 
slight  and  the  lines  run  generally  level,  except  on  each  side  of  the  level  crossing  at 
the  approach  road  to  the  Hooghly  floating  bridge,  where  the  grades  are  1  per  cent,  for 
600  feet.  On  No.  2  the  sharpest  curve  is  of  1,000  feet  radius,  and  the  line  is  nearly 
level.  No.  1  was  laid  in  1875  with  iron  rails,  which  were  replaced  in  1835  with  steel 
rails  30  feet  long.  No.  2  was  laid  in  1885-1886.  Mr.  William  Duff  Bruce  was  the 
engineer  to  the  port  commissioners  when  these  works  were  carried  out.  No.  1  was 
intended  to  do  away  with  as  much  as  possible  of  the  cart  traffic  on  the  Strand  road 
and  at  the  jetties;  there  is  quite  a  heavy  freight  traffic.  No.  2  is  priucipally  for 
conveying  materials  for  the  construction  of  the  docks.  The  engines  are  tank  engines, 
with  four  wheels,  all  coupled  ;  wheel  base,  6  feet ;  they  were  built  by  Diibs  &.  Co.,  ot 
Glasgow,  and  weigh  20  tons  empty  or  23  tons  with  tanks  and  bunkers  full,  giving  Hi 
tons  on  each  pair  of  wheels.  Each  tie  consists  of  two  of  MacLellau's  patent  steel  ein-^ 
bossed  bowls,  connected  by  a  tie-bar;  the  bowls  are  of  rectangular  form,  with  all 
sides  fluted;  they  weigh  33  pounds  each  (See  plate  No.  25).  They  are  s,paced  3  feet, 
apart,  center  to  center,  and  the  rails  are  laid  with  suspended  joints.  The  cost  was 
£14  ($70)  per  ton  delivered,  and  the  average  cost  of  maintenance  (labor  only)  on  sec- 
tion No.  1  is  26  rupees  ($8.22)  pei  mile  ot  single  track.  The  rails  are  of  flange  section, 
and  rest  directly  on  the  bowls,  to  which  they  are  fastened  by  two  bolted  clips  on  the- 
outer  side  and  one  clip  on  the  inside;  the  outer  bolts  are  seveii-eighths  inch  in  dia-m. 
eter  and  the  inner  bolts  1  inch  in  diameter.  At  curves  a  larger  number  of  tie-bar* 
is  put  in  and  the  gauge  is  left  one-half  inch  slack.  The  tic-baraare  of  angle-iron  with 
adjustable  clips  and  bolts  at  each  end;  they  are  spaced  6  feet  apart,  center  to  center. 
Ordinary  freight  cars  are  used,  but  the  speed  does  not  exceed  6  miles  per  hour.  Tbe 
materials  appear  to  be  wearing  satisfactorily,  but  there  has  not  been  time  enough  to 
judge  of  their  durability.  Section  No.  1  ivS  ballasted  with  cinders,  which  are  easily 
procurable  and  answer  remarkably  well  for  packing  the  bowls;  the  cinders  are 
walled  in  by  the  curbstone  of  the  road,  the  rails  being  level  with  the  top  of  the  curb  ; 
all  rain-water  drains  through  the  cinders  and  is  carried  away  in  the  roadside  surface 
drain,  so  that  the  road-bed  is  well  drained.  Section  No.  2  is  ballasted  with  old 
bricks,  broken  to  pass  in  any  direction  through  a  2-inch  ring;  being  rather  solt  they 
answer  very  well,  but  hard  burnt  brick  would  not  be  suitable.  The  ciudcrsdo  not 
cake  or  harden  into  a  mass  under  the  bowls,  but  the  brick  ballast  seems  to  be  doing 
this.  The  suspended  rail-joints  on  section  No.  1  being  very  springy,  Mr.  Desbruslais 
designed  a  joint  tie,  which  has  been  laid  throughout  this  section  with  satisfactory 
results.  The  joints  on  section  No.  2  are  suspended.  The  general  results  of  this  tr:u  k 
have  been  satisfactory  so  far,  and  there  is  no  trouble  with  maintenance  or  with  the 
rail  attachments.  When  once  the  clips  are  fastened  and  the  bolts  tightened  up  they 
do  not  require  any  further  looking  after,  as  they  get  jaunued  up  in  a  few  weeks,  and 
a  difficulty  is  experienced  if  the  bolts  are  required  to  be  unscrewed.  The  fish-plati^ 
bolts,  however,  constantly  require  tightening.  There  is  no  trouble  from  breakages 
on  the  main  line;  it  is  only  at  switcbes  and  frogs  that  engines  or  cars  get  derailed, 
and,  as  the  speed  is  slow,  little  damage  is  done.  The  switches  and  frogs  are  laid 
on  wooden  ties,  with  the  ordinary  cast-iron  chairs;  some  of  the  chairs  get  broken 
and  occasionally  a  switch  rail  and  coupling-rod  bent.    The  cost  of  the  track  laid 
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complete,  inclndinj^  tho  cinder  ballast,  is  about  18  nipeos  ($0)  p<rtryar<r  The  speed' 
boin*;  onlj  (>  miles  per  hour,  the  results  tliat  may  be  ol)tained  oa>this  line  can  not  be 
assumed  as  similar  to  those  that  will  be  obtained  from  the  use- of  this  description  of 
track  on  lines  \A'here  high  speeds  are  attained. 

The  rails  are  of  steel,  of  flange  section,  and  weigh  60  pounds  i)er 
yard ;  they  are  -Ij  inches  high,  -4  inches  wide  over  the  flange,  with  a 
head  2^  inches  wide,  having  toi)  corners  of  one-half  inch  radius.  The 
bowls  are  about  30  inches  long,  18  inches  wide,  and  4J  inches  deep ; 
tlie  greater  length  is  in  the  direction  of  the  track.  The  rail  joints  arc 
even  and  come  between  the  bowls.  The  joint  support  designed  by  Mr. 
Desbruslais  consists  of  a  cast-iron  plate  and  chair  under  each  joint, 
without  tie-bars.  (See  plate  No.  25.)  The  plate  is  24  inches  by  12 
inches,  the  greater  length  being  transverse  to  the  track.  The  bottom 
is  flat,  but  at  the  middle  of  the  upper  surface  is  a  support  6  inches  higb^ 
forming  the  rail-seat.  From  each  side  of  this  two  webs  run  to  the 
edge  of  the  plate.  The  splice-plates  are  double  angle-bars,  having  a 
vertical  web  below  the  horizontal  flange ;  on  the  inner  edge  of  the  bottom 
of  this  lower  web  is  a  rib,  so  that  when  brought  together  by  the  splice- 
bolts  these  ribs  fit  under  the  projecting  top  of  the  rail-seat  and  thus  pre- 
vent vertical  motion  of  the  rails  at  the  joint.  The  splice  plates  are  18 
inches  long,  with  four  bolts.  The  tie-bars  are  of  angle-iron,  2J  by  2iby 
^  inch  ;  they  are  placed  between  the  pairs  of  bowls  and  connect  the 
rails  instead  of  the  bowls,  the  latter  being  left  quite  independent  of 
each  other.  At  each  end  of  the  bar  are  two  lugs,  one  fixed  at  the  ex- 
tremity of  the  bar,  the  other  loose  ^  the  tops  of  these  lugs  are  bent  over 
to  hold  the  rail-flange;  when  the  rails  are  in  place  the  lugs  are  held 
together  by  a  horizontal  bolt  passing  under  the  flange.  In  the  middle 
of  and  between  the  tracks  the  ballast  is  level  with  the  top  of  the  rails, 
sloped  down  at  the  rails  to  the  under  side  of  the  head.  The  space 
between  the  rails  of  adjacent  tracks  is  7  feet. 

MiscELLA^fEOUs  LiNES. — The  following  railways  are  laid  with 
wooden  ties : 

Dildarnagar-Ghazipur;  65-pound  steel  rails,  on  bearing  plates  and 
creosoted  i)ine  ties. 

Bengal  Central ;  62-pound  flange  rails,  on  creosoted  pine  ties. 

Wardha  Coal ;  creosoted  pine,  teak,  and  sill  ties. 

Touugoo-Mandalay  (Burmah) ;  flange  rails,  on  teak  and  pyingada 
ties. 

Bareilly-Pilibhit ;  4|  pound  flange-rails,  on  deodar  and  sal  ties. 

Nalhati ;  31  and  41:^  pound  flange-rails,  on  teak,  sal,  and  pine  ties. 

Lucknow-Sitapur-Sihraman  ;  41|-pound  steel  rails. 

Amritsar-Pathankot ;  62-pound  rails. 

Darjeeling- Himalayan  ;  30  and  40  pound  rails,  on  wooden  ties. 

Deoghur;  oO  pound  steel  rails,  on  wooden  ties. 

Dibru-Sadiya;  41J  pound  steel  rails. 

Bengal  and  Northwestern  ;  41 , -pound  steel  rails,  on  sal  and  creosoted 
pine  ties. 
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Eobilkund-Kumaon;  41|-poand  steel  rails,  on  sal  and  jangle-wood  ties. 

Pondicberry ;  4().3-pound  rails,  on  wooden  ties. 

West  of  India  Portuguese ;  62-pound  rails,  creosoted  pine,  sal,  and 
teak  ties. 

H.  H.  the  Gaekwar's  ;  30-pound  flange  rails,  on  wooden  ties. 
Kajpura-Bbatiuda;  68-pound  steel  rails  on  deodar  ties. 

TIES. 

Dcyiham-Olpherfs  cast-ij-on  plaie  iies  (See  plates  Nos.  21  aud  23).— This  tie  consists 
of  a  pair  of  east-irou  plates,  each  haviug  a  chair  for  one  rail,  with  a  wrought-iron  tie- 
bar  connecting  them.  It  is  interesting  to  note  the  extent  to  which  cast-iron  has  been 
employed  with  snccessfal  results — as  on  the  East  Indian  Railway.  On  the  guaranteed 
railways  of  5  feet  6  iuches  gauge  the  plates  are  oblong,  34  inches  by  12  inches,  the 
greater  length  being  transverse  to  the  track.  Th-i  thickness  at  the  middle  is  three- 
fourths  inch,  tapering  to  three-eighths  inch  near  the  edges,  while  at  the  edge  it  is 
five-eighths  inch.  On  the  bottom,  parallel  with  the  rail,  is  a  segmental  rib  Ijt  iuches 
deep  at  the  middle.  At  the  middle  of  the  plate  are  the  jaws  which  form  the  rail 
chair,  from  each  of  which  run  two  ribs  Sj-g  inches  higli  at  the  jaw  and  curving  down 
to  the  edge  of  the  plate.  The  rails  are  of  double-headed  section  and  are  suspended  in 
the  chair  by  the  under  side  of  the  head  resting  ou  the  jaws  of  the  chair.  The  outer 
jaw  is  a  part  of  the  plate  casting,  but  the  inner  jaw  is  loose  and  is  held  in  place  by  a 
flat  taper  key  or  cotter  driven  horizontally  through  slots  in  the  plate  ribs,  the  tie-bar 
and  a  web  projecting  from  the  back  of  the  jaw  ;  the  cotter  is  10  iuches  long,  2  inches 
and  If  inches  wide,  and  three-eighths  inch  thick.  With,  this  fastening  no  wooden 
keys  are  used  to  fasten  the  rail,  which  is  an  important  feature  in  hot  countries.  The 
tie-bars  are  flat,  2|  inches  deep  by  one-half  inch  thick;  they  rest  on  the  upper  surface 
of  the  plates  and  pass  under  the  rails  through  both  jaws  of  each  plate.  They  are  se- 
cured on  the  outside  of  each  plate  by  a  gib,  and  on  the  inner  side  by  the  cotter, 
which  holds  the  several  parts  together  and  brings  the  loose  jaw  firmly  home  against 
the  rail.  The  height  from  the  top  of  plate  to  the  top  of  the  jaw  is  7f  inches,  and  the 
metal  in  the  jaw  is  about  five-eighths  inch  tliick. 

For  the  meter-gauge  lines  the  plates  are  24  inches  by  10  inches,  with  a  tie-bar  1^ 
by  ^  inch;  the  plates  are  nine-sixteenths  inch  thick  at  the  middle,  three-eighths  inch 
at  the  sides,  and  one-half  inch  on  the  edges.  The  rails  being  of  flange-section,  the 
chairs  are  of  difterent  shape  from  the  above  ;  the  outer  side  of  the  chair  has  two  lugs 
which  hold  the  rail  flange,  while  the  loose  jaw  on  the  inner  side  is  of  P  form,  the  hori- 
zontal portion  bearing  on  the  rail  flange;  the  jaw  is  held  in  place  by  a  key,  as  above 
described.  The  weight  is  as  follows  : 
Cast-iron  :  Pounds. 

Two  plates 89i 

Two  jaws <, J^4 

Wrought-iron  : 

Tie-bar Hi 

Two  cotters 2^ 

Two  gibs i 

In  another  form  of  the  tie  for  meter-gange  lines  each  rail  rests  on  a  block  of  wood 
5  inches  long,  7  inches  wide,  and  2i  iuches  thick.  The  top  is  cut  to  give  the  rail  an 
inward  cant  of  1  in  20.  The  rail  is  fastened  by  two  bolts;  the  heads  are  on  top,  with 
washers,  which  hold  the  rail  flange,  and  the  nuts  are  on  the  under  side  of  the  plate, 
being  prevented  from  turning  by  lugs  on  the  i)late.  The  bolt  is  screwed  down  through 
the  nut.  The  tie-bars  are  ouly  2  feet  7^  inches  long,  resting  on  the  inner  side  of  the 
plate  and  having  a  notch  which  engages  with  a  projection  on  the  plate.     On  the 
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iuuer  etlj^e  of  each  plate  is  a  lug  with  a  slot,  through  which  the  tie-bar  passes,  and  a 
taper  key  placed  on  edge  is  driven  into  tliis  slot  along  the  top  of  the  tie-bar. 

The  "  Denhani-Olpherts-Molesworth ''  tie  for  nieter-gange  lines  is  similar  to  the 
first  type  described  for  this  gauge,  but  has  the  corrugated  wedge  fastening  designed 
by  Sir  G.  W.  Molesworth  and  <lescribed  under  the  heading  of  the  Indian  State  rail- 
ways. Anotlier  modification  in  these  ties  is  the  mode  of  adjusting  the  gauge  by 
means  of  the  tie-bars.  Under  the  raised  rail  seat  are  two  studs  in  the  plate.  They 
are  placed  side  by  side  and  are  of  diti'ereut  dimensions.  The  end  of  the  tie-bar  pro- 
jects under  the  rail  aud  has  a  notch  on  the  lower  edge  to  fit  over  the  projections  or 
studs.  When  the  tie-bar  is  placed  with  its  ends  fitting  on  one  diagonally  opposite 
pair  of  studs  the  gauge  is  3  feet  3|  inches  for  tangents.  Whi  n  the  ends  fit  over  two 
opposite  studs  the  gauge  is  3  feet  3f  inches  for  easy  curves.  When  the  ends  tit  over 
the  other  diagonally  opposite  studs  the  gauge  is  3  feet  4^  inches  for  sharp  curves. 
The  weight  is  as  follows:  2  plates,  100  pounds;  !2  jaws,  5  pounds;  2  wedges,  4 
pounds;  1  tie-bar,  10  pounds  ;  total,  110  pounds.  This  type  is  also  suitable  for  broad- 
gauge  lines. 

The  ties  take  the  same  depth  and  level  of  ballast  as  the  wooden  ties,  so  that  by 
inserting  a  plate  tie  whenever  a  wooden  tie  is  removed  the  renewal  can  be  carried 
out  gradually  without  closing  the  line  in  sections  or  in  anyway  interfering  with  the 
trafiic.  The  ties  have  a  very  long  life,  and  some  have  been  exhibited  at  Calcutta 
over  which  16,000,000  tons  of  traffic  had  passed  without  causing  appreciable  wear  or 
injury.  The  percentage  of  breakages  is  very  small,  and  when  broken  or  worn  out  the 
plates  have  still  the  value  of  scrap  iron,  about  30  rupees  ($6)  per  ton  at  any  large  foun- 
dry. The  price  in  India,  when  imported,  is  about  6  rupees  8  annas  ($2.16),  but  when 
of  home  manufacture  the  price  will  be  about  $2  per  tie  complete.  The  ties  are  said 
to  make  a  very  smooth  aud  easy  riding  track,  with  no  jolting  or  rattling  with  trains 
traveling  at  high  speed.  Some  ot  the  ties  on  a  broad-gauge  line,  with  74-pound  rails, 
were  carefully  examined  after  three  years'  service  and  found  to  be  in  perfect  condi- 
tion, though  about  12,000,000  tons  of  traffic  had  passed  over  them  at  various  speeds. 

As  regards  maintenance,  it  has  been  stated  that  during  the  first  year  the  amount 
of  labor  is  slightly  greater  for  track  laid  with  "  Denbam-Olpherts"  ties  than  for  a 
good  track  on  wooden  ties ;  during  the  second  year  it  is  about  equal,  or  a  little  in 
favor  of  the  metal  track,  while  during  subsequent  years  it  is  much  less  for  the  track 
on  metal  ties  than  for  that  on  wooden  ties.  The  following  are  stated  to  be  the  com- 
parative proportions  of  the  cost  of  renewals  per  mile  per  annum; 

Creosoted  pine |750 

Deodar 625 

Sal 500 

Denham-Olpherts 40 

The  breakages  in  handling  are  said  to  be  less  than  one  eighth  of  1 
per  cent.,  and  one-half  of  1  per  cent,  per  annum  in  the  track,  against 
2  or  3  per  cent,  for  bowl  ties. 

The  ties  are  generally  laid  eleven  to  a  rail  length  of  30  feet;  the  bal- 
last is  usually  2  inch  to  4-inch  hard  stone,  but  broken  brick,  ashes, 
gravel,  dirt,  etc.,  are  used.  The  ties  are  found  to  be  sufficiently  elastic 
for  smooth  running  of  trains  at  high  speeds.  The  weight  of  the  ties  for 
broad-gauge  lines  laid  with  75pound  rails  is  about  as  follows: 

Pounds. 

2  cast-iron  plates  175 

2  cast-iron  jaws 22 

2  wrought-irou  cotters 2^ 

:  wrought-iron  gibs f 

1  tie-bar 22i 

Total 222i 
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The  followiDg  is  an  abstract  of  a  statement  submitted  to  me  in  June, 
1888,  by  Mr.  Browning,  the  London  agent  for  the  patentees  i 

Mr.  C.  H.  Deubam  is  the  engiiieer-in-cliief  of  the  East  ludiuu  Railway  and  Mr. 
Olpherts  was  a  district  engineer  on  the  same  line.  Several  years  ago  large  quantities 
of  cast-iron  bowls  were  sent  out  from  England  for  use  on  the  East  Indian  Railway, 
having  been  already  used  with  success  on  the  Egyptian  railways  and  in  parts  of  India 
where  the  ballast  was  of  sand  or  light  gravel.  The  East  Indian  Railway  was  bal- 
lasted for  a  great  part  of  its  length  with  hard  red  iron  stone  mixed  with  clay.  This 
ballast  soon  shaped  itself  under  the  bowls  and  became  hardened  into  solid  concret- 
cakes,  so  that  it  was  found  that  the  bowls  were  constantly  getting  broken  by  cone 
cnssion  with  the  solid  blocks  of  ballast  on  which  they  rested.  To  obviate  this  trouble 
Mr.  Denham  designed  a  cast-iron  tie  of  about  equal  weight  with  tbe  bowls,  but  formed 
of  flat  plates  with  vertical  ribs  so  arranged  on  the  upper  surface  as  to  strengthen  the 
plate  and  form  a  seat  for  a  woodeu  cushion  to  which  the  ordinary  chair  was  bolttMl. 
Such  plates  laid  in  pairs  connected  by  wrought-iron  tie- bars  were  tried,  with  satis- 
factory results.  The  under  side  of  the  plate  being  flat  admitted  of  easy  and  solid 
packing,  and  tbe  proportion  of  breakage  in  the  track  was  at  once  reduced  to  about  oue- 
one-tentb  of  that  of  tbe  bowls,  while  tbe  trains  were  found  to  run  more  smoothly.  Tbe 
principle  of  a  flat  iron  plate  tie  having  been  thus  established,  improvements  in  de- 
tail rapidly  followed.  The  formation  of  the  outer  jaw  on  tbe  plate  and  the  keying 
up  of  a  loose  inner  jaw  against  tbe  rail  by  a  cotter  passing  through  it  and  the  webs 
of  the  rail  seat  were  designed  by  Mr.  Olpherts,  and  finally  tbe  wooden  cushions  upon 
which  the  rails  rested  were  abandoned  and  tbe  rails  were  suspended  by  the  under 
side  of  the  head  resting  upon  the  tops  of  the  jawsT  In  this  form  the  tie  had,  in 
June,  1S8S,  been  in  use  for  about  seven  years  on  the  East  Indian  Railway  and  other 
railways  in  India.  Tbe  tie  is  also  adapted  for  flange  rails  and  has  been  used  on 
tbe  meter-gauge  railways  of  India,  which  are  laid  with  steel  flange  rails  weighing 
41^  pounds  per  yard.  Up  to  June,  183S,  more  than  2,000,000  pairs  of  plates  for  double- 
headed  rails,  and  about  600,0C0  pairs  for  flange  rails  had  been  made,  and  their  use 
was  extending  rapidly.  The  saving  in  cost  of  maintenance  on  the  main  track  of 
an  Indian  railway  laid  with  75  or  80  pound  double-beaded  steel  rails  on  these  ties  as 
compared  with  the  same  road  laid  on  the  best  wooden  (sal)  ties  has  been  found  by 
experience,  extending  over  several  years,  to  be  about  §400  per  mile  per  annum.  Some 
engineers  still  prefer  tbe  original  form  of  the  plate  ties  on  the  ground  that  the  wooden 
cushions  give  elasticity  to  the  track,  but  the  general  opinion  is  in  favor  of  the 
latest  pattern,  in  which  the  rail  is  suspended  and  which  is  free  from  the  serious  de- 
fects due  to  the  shrinkage  and  rapid  destruction  of  wood  in  hot  climates.  No  trouble 
IS  experienced  in  maintaining  a  good  track,  •  and  the  difficulty  of  preserving  an  ac- 
curate gauge,  which  is  unavoidable  in  a  track  laid  with  wooden  ties,  hardly  exists  in 
a  track  carefully  laid  with  tbe  metal  ties.  Actual  renewals  are  reported  to  be  rare. 
Tbe  plates  require  rather  more  frequent  packing  than  wooden  ties,  but  the  ballast  to 
be  moved  is  much  less.  It  is  generally  concluded  that  tbe  economy  found  to  result 
from  tbe  use  of  these  plates  is  due  to  the  renewals  being  so  much  less  frequent  than 
tbe  renewals  of  wooden  ties,  and  to  the  fact  that  a  broken  cast-iron  tie  is  worth 
about  three-fourths  of  its  original  value,  while  a  worn-out  wooden  tie  is  almost 
worthless.     About  9o0  miles  of  track  are  now  laid  with  these  ties. 

Moore's  cast-iron  ties.—^lT.  George  E.  Moore,  deputy  consulting  engineer  for  rail- 
ways, has  designed  some  forms  of  cast-iron  plate  ties,  the  special  feature  of  wbich  is 
that  tbe  ends  of  the  tie-bar  support  the  rails  on  the  inside  of  the  track,  the  gauge 
depending  on  the  accuracy  of  tbe  length  of  the  tie-bars  instead  of  upon  the  accuracy 
of  tbe  casting.  The  plates  for  broad-gauge  lines  are  rectangular,  about  33  inches  by 
12  inches,  the  greater  length  being  transverse  to  the  track.  The  tie-bars  are  of  T 
section,  resting  between  lugs  on  the  plate  and  secured  by  keys  driven  through  the 
lugs  and  bar.  With  double-beaded  rails  tbe  end  of  tbe  bar  abuts  against  the  web; 
with  flange  rails  the  end  is  cat  to  fit  the  web  and  flange.     Tbe  plates  for  double- 
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headed  rails  have  a  jjjrooved  depression,  forming  a  seat  for  the  lower  head,  and  a  jaw 
on  the  platr  holds  the  rail  on  the  ontside;  for  Uauge  rails  there  is  a  Hat  seat  with  a 
cast  clip  to  hold  the  outer  llangc  of  the  rail.  No  arrangements  are  made  for  altera- 
tions of  the  gauge.  For  light-meter  gauge  liues  the  tie  may  consist  of  the  plates  and 
tie-bar  ouly,  dispensing  with  all  loose  pieces.  These  ties  are  placed  diagonally  to  the 
track,  with  the  rails  in  place  ;  the  plates  are  then  shifted  to  bring  the  tie-bar  at  right 
angles  to  the  rails,  when  the  notches  and  lugs  engage  and  make  the  fastenings. 

A  suggested  form  of  cast-iron  tie  somewhat  resembles  the  steel  tic  of  the  state  rail- 
ways; it  is  of  shallow  inverted-trough  section,  deeper  at  the  ends,  and  with  a  rib 
nndor  each  rail.  The  middle  of  the  top  table  is  cut  away  to  reduce  the  weight  and 
facilitate  packing.  Another  suggested  form  consists  of  two  plates  shaped  like  tennis 
rackets,  but  with  parallel  sides.  On  the  top  of  the  end  of  the  narrow  part,  or  "handle," 
is  a  lug,  and  when  brought  together  these  ends  abut  against  one  another  and  are 
secured  by  a  bolt  passing  through  the  lugs.  No  loose  fastenings  are  used,  each  plate 
having  two  clips  for  the  rail  flange;  the  plates  are  put  diagonally  in  the  track,  with 
the  rails  resting  between  the  clips;  they  are  then  swung  around  till  at  right  angles 
to  the  track,  bringing  the  narrow  ends  together  and  causing  the  clips  to  overlap  the 
rail  flanges.  For  light  liues  the  narrow  part  of  the  plates  may  be  dispensed  with 
and  a  tie-bar  used  to  connect  the  plates.  It  has  been  suggested  that  ties  of  this  kind 
might  be  made  of  pressed-steel  plates,  but  Mr.  Moore  is  in  favor  of  cast-iron,  as  the 
ties  can  then  be  of  home  manufacture.  The  plan  of  using  a  tie  made  in  two  pieces 
connected  in  the  middle  of  the  track  is  not  new,  although  Mr.  Moore's  designs  may 
have  some  originality;  such  ties  were  patented  iu  the  United  States  as  early  as  1878 
(Nos.  207320,254802,312881).    (See  Preliminary  Report,  Bulletin  III,  Forestry  Division.) 

Mr.  Moore's  latest  form  of  tie  (March,  1889)  is  a  cast-iron  cross-tie  of  shallow 
mverted-trough  section,  with  closed  ends,  and  having  a  deep  corrugation  along  the 
middle  of  its  length,  and  making  a  groove  on  top  and  a  rib  beJow.  The  tie  is  10| 
inches  wide  on  the  bottom,  9  inches  wide  on  top,  and  1|  inches  deep  at  the  sides  and 
middle  groove;  the  groove  is  1  inch  wide.  The  sides  and  groove  are  one-fourth  inch 
thick  and  the  top  three  eighths-inch  thick.  At  each  end  of  the  tie  are  two  rigid  rail 
clips,  no  loose  pieces  being  used,  and  the  fastening  being  effected  through  a  certain 
amount  of  spring  in  the  rail.  This  plan  is  claimed  to  be  particularly  suited  to  light 
railways  of  narrow  gauge,  as  the  rails  can  be  easily  sprung  into  place  by  the  use  of  a 
bar.  For  broad-gauge  lines  with  heavy  and  stilf  rails  one  of  the  two  lugs  at  each 
end  of  the  tie  must  be  made  to  turu  to  some  extent  round  a  bolt  or  rivet,  but  here, 
also,  the  locking  is  to  be  done  by  springing  the  rail.  The  movable  <;lip  has  a  pro- 
jection on  the  side  opposite  to  the  rail  to  enable  a  claw-bar  to  be  used  to  move  the 
clip  on  or  off  the  rail  flange.  Arrangements  may  be  made  for  adjusting  the  gauge  at 
curves,  but  Mr.  Moore  does  not  consider  that  this  is  necessary  in  ordinary  country. 
For  heavy  lines  it  is  proposed  to  use  an  outer  fixed  clip  2^  inches  square  clear  of  the 
rail,  with  a  lip  ouc-half  inch  by  oue-half  inch  projecting  over  the  rail  flange;  the 
inner  clip  is  of  the  same  size,  fastened  by  a  three-fourthsinch  rivet  with  a  one-eighth- 
inch  washer  under  the  tie;  this  clip  turns  slightly  on  the  rivet.  An  oval  hole  for 
tamping  is  provided  on  each  side  of  the  rail. 

BelV 8  cast-iron  tie.— The  tie  designed  by  Mr.  Horace  Bell  is  a  flat  cast-iron  plate  tie, 
intended  for  meter-gauge  lines  with  flange  rails.  The  plates  are  24  inches  long  and 
10  inches  wide,  the  greater  length  being  transverse  to  the  track ;  the  thickness  is 
tive-eighths  inch  at  the  middle,  tapering  to  three-eighths  inch,  and  on  the  under  side 
of  the  plate  are  two  ribs  G  inches  apart,  parallel  with  the  rail.  The  rail  rests  on  an 
elevated  seat  with  a  projecting  lug  on  each  side;  a  key  of  malleable  cast-iron  of  r- 
section,  tapered  1  in  100,  is  driven  between  the  lug  and  flange  on  one  or  the  other  side 
of  the  rail  according  to  the  gauge;  the  vertical  web  of  the  key  rests  in  a  notch  in  the 
rail  seat  and  tie-bar.  The  tie-bar  is  of  X  section,  H  iuches  deep,  1  inch  wide,  and 
one-halt  inch  thick ;  it  rests  above  the  plate,  passing  through  lugs  and  under  the 
rail;  when  in  position  the  lower  leg  of  the  key  engages  with  a  notch  in  the  upper 
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edge  of  the  bar.  In  another  of  Mr.  Bell's  ties  there  is  but  oue  rib  on  the  bottom, 
and  OD  the  top  are  four  ribs  running  from  the  raised  rail  beat,  oue  to  each  eoiuer  cf 
the  plate.     The  tie-bar  is  flat,  H  bj'  ^  inch. 

Denhani's  cast-iron  tie. — This  consists  of  two  cast-iron  plates,  34  by  12  inches;  a 
wrought-irou  tie-bar  4  feet  6  inches  by  2  inches  by  i  inch;  two  ordiuary  rail  chairs 
weighiug  27  pounds  each,  and  a  wooden  cushion  14  inches  by  7  inches  by  1|  inches. 
The  usual  wooden  keys  are  used  for  fastening  the  rails,  and  instead  of  spikes  two 
bolts  (with  the  nuts  on  top)  pass  through  the  plate,  cushion,  and  chair.  The  tie- 
bar  passes  through  a  lug  in  each  plate  and  fits  over  a  small  stud  cast  on  the  plate; 
it  is  kept  from  shifting  by  means  of  a  split  pin.  Of  4,000  ties,  only  one  breakage  oc- 
curred during  three  years,  and  that  was  owing  to  bad  drainage.  Stone,  gravel, 
and  dirt  ballast  has  been  used.  These  ties  are  said  to  give  better  results  than  the 
"  Denham-Olpherts  "  ties  for  lines  where  good  ballast  is  not  attainable,  owing  ap- 
parently to  the  use  of  the  wooden  cushion  between  the  chair  and.  plate. 

SUMMARY  FOR  INDIA  OF  METAL  TRACK. 


Railway. 

Bowls. 

Cross-ties. 

Denham- 
Olpherts 
plates. 

Total 

Miles. 
225J 

79V 

Miles. 
1, 4974 

Miles. 
296 
5       160  I 

Miles. 
2,  038| 

Eclat  ludian 

I.OOIJ 
50 

Raiputana-Mrulwa 

554J 
500 

554^ 
500 

Southern  Maliratta 

300 
145\ 

214 

514 

Dhoud-MaQruad 

"? 

Bhopal-Itarsi 

North  western 

370" 

692 
34 

6 

600 

40 

1,010 
692 

30 

64 

3 

3 



^i 

Madiiis               '                                                    

800 
140 
622 

77J 

800 

300 

440 

Great  Tudian  Pcuiusula                                      ... 

622 

77i 

Delhi,  Uiuballa  and  Kalka 

162 

162 

H.  fl.  the  Nizam's          

87 
7i 
5\ 

175i 

262i 

Kharo'^aon 

7i 

Ainraoti 

5i 

H.  H.  the  Gaekwar's 

50 
69 

00 
592 

50 

Bhavna^'ar-Por  bandar 

69 

Morvi 

90 

Jodhpove 

59a 

Calcutta  Port 

12 

12 

Total .                  

3,598 

3,  912J 

1.7141 

9,224i 

These  figures  are  most  probablj'  considerably  below  the  actual  mile- 
age, owiug  to  the  lack  of  complete  returus  and  to  the  fact  that  the  re- 
turns received  do  not  always  give  the  latest  mileage  laid.  The  160 
miles  of  the  East  Indian  Eailway  are  estimated  as  the  proportion  of 
325^  miles  laid  with  iron  and  wooden  ties  intermixed. 


FARTHER  INDIA. 

In  Selangor,  one  of  the  protected  States  of  the  Malay  Peninsula,  the 
native  hard-wood  ties  have  not  worn  well,  and  in  18S8  it  was  proposed 
to  try  some  wrought  iron  or  steel  ties.  The  colonial  secretary  at  Singa. 
pore  wrote  me,  however,  in  June,  1889,  that  no  metal  ties  had  then  been 
laid  on  the  Selangor  Government  Eailway.  in  1887,  20  miles  of  lino 
were  completed  by  the  State j  the  meter  gauge  Government  railway 
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was  opened  for  lii^lit  traffic  in  September,  1886,  and  for  regular  traffic  in 
January,  1S87.  There  are  railways  in  others  of  these  States  (Perak  and 
Sunjei-Ujouii),  but  no  returns  as  to  the  ties  used  have  been  received  ; 
probably  they  are  of  wood. 

ceyi.o:n^. 

Mr.  F.  J.  Waring,  chief  resident  engineer,  wrote  in  October,  1889, 
that  no  metal  ties  are  used.  All  the  ties  are  of  Baltic  fir  or  native  or 
Australian  hard  woods. 

SUMATRA. 

On  the  railway  of  this  island,  which  is  a  Dutch  possession,  steel  cross- 
ties  are  used.  They  are  of  the  "  Post  type"  (Netherlands  State  Kail- 
way),  and  are  imported  from  Holland.  At  first  they  were  laid  only  u[)on 
the  rack-rail  section  of  16.42  miles,  but  are  now  being  laid  over  the  entire 
length  of  the  line  90.20  miles.  Early  in  1889  a  contract  was  reported 
to  have  been  made  with  a  firm  at  Oberhausen  for  121,000  ties  (4,750 
tons)  at  2.55  gulden  ($1.02)  each,  free  on  board,  at  Rotterdam  or  Am- 
sterdam, but  the  agent  of  the  manufacturers  of  these  ties  in  a  list  of 
sales  up  to  September,  1889  (see  "Holland"),  gives  only  100,000  for 
Sumatra.  The  railway  is  of  meter  gauge,  and  was  built  to  develop  au 
extensive  coal  basin  in  the  interior.  The  rack-rail  section  crosses  a 
range  of  mountains,  and  has  grades  of  4  and  5  per  cent.  The  engines 
on  this  section  weigh  20  tons  each,  and  two  engines  (one  at  each  end  of 
the  train)  can  take  a  train  load  of  250  tons  over  the  section  at  a  speed 
of  61  to  7^  miles  per'  hour.  The  sharp  curves  on  the  line  necessitate  a 
widening  of  gauge  of  .96  inch,  which  is  obtained  by  the  use  of  three 
sizes  of  bolts  with  eccentric  necks. 

CHINA. 

The  only  railway  at  present  existing  is  the  line  from  Kaiping  to  Tient- 
sin, 85  miles,  which  is  owned  by  the  China  Railway  Company.  It  is  a 
standard  gauge  road  (4  feet  8.J  inches),  with  maximum  grades  of  1  to 
300  on  the  main  line  and  curves  of  3,000  feet  radius.  The  track  is  laid 
with  rails  of  the  Sandberg  standard  sections,  60  and  70  pounds  per  yard, 
with  angle-bar  joints.  The  ballast  is  of  broken  limestone  2  to  3  inches 
in  size  and  9  inches  to  12  inches  deep  under  the  ties.  The  ties  are  of 
chestnut,  costing  60  cents  each,  and  having  a  life  of  about  seven  years. 
The  engines  have  a  weight  of  6  tons  on  each  driving-wheel.  The  traffic 
is  general  passenger  and  freight.  The  climate  is  reported  to  be  like 
Canada.  In  October,  1888,  Mr.  C.  W.  Kinder,  the  chief  engineer, 
stated  that  a  few  steel  cross-ties  were  to  be  imported  from  England  and 
tried  as  an  experiment.  They  were  of  the  type  adopted  on  the  Indian 
State  Railways,  of  inverted-trough  section  with  closed  ends,  and  hav- 
ing two  clips  stamped  up  out  of  the  metal  for  each  rail;  a  serrated  steel 
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key  holds  the  mil,  beiu^  driven  between  one  lug  and  the  tlauge.  The 
steel  is  tive-sixteeiitlis  iiicli  thick,  and  the  weight  of  the  tie  80  ponuds. 
They  were  coated  with  tai-paint.  The  cost  was  $1.20  each  at  the  works 
and  $1.70  in  China.  They  were  thought  to  be  too  light  for  the  traffic^ 
and  were  only  to  be  placed  on  trial.  They  were  manufactured  by 
Messrs.  Bolckow  «S:  Vaughan,  of  England. 

A  few  steel  ties  of  the  Tozer  type  (See  "England")  were  reported  as 
being  sent  out  for  trial. 

In  1887,  when  there  was  considerable  talk  of  American  companies  in- 
tending to  build  railways  in  China,  a  form  of  track  was  suggested  con- 
sisting of  metal  ties  of  "Berg-and-Mark"  section  (See  '•  Germany  ")j 
they  were  to  be  G  inches  wide  on  top,  \)  inches  at  the  bottom,  2.\  inches 
deep,  with  the  sides  vertical  for  1  inch  from  the  bottom  ;  top  table  one- 
lialf  inch  thick,  with  a  rib  one  half  inch  thick  at  the  middle,  sides  one- 
fourth  inch  thick.  The  fastening  was  to  be  an  adaptation  of  the  Fisher 
rail-joint  fastening;  it  consisted  of  a  [J-bolt  with  the  horizontal  part 
inside  the  tie  and  the  lugs  projecting  through  it,  one  on  each  side  of 
the  rail-iiange,  with  washers  bearing  on  the  rail-tlange  and  secured  by 
.nuts.  At  joints  the  washers  would  hold  the  tiange  of  the  angle-bars, 
ithejoints  being  supported  on  a  tie. 

japa:n. 

In  May,  1888,  Mr.  C.  A.  W.  Pownall,  chief  engineer  of  the  imperial 
Government  railways,  stated  that  a  few  cast-iron  bowl  ties  were  hud 
when  the  first  lines  were  built,  about  seventeen  years  previous,  but  they 
have  nearly  all  been  taken  up  again  and  hardly  any  remain  in  the  track. 
For  new  lines;  timber  ties  are  used  exclusively. 

SUMMARY  OF  METAL  TRACK  FOR  SECTION  4. 


' 

Bowls. 

Cro3sties. 

Diiibaiu- 

Olpheits 

plates. 

Total. 

India 

Miles. 
3,598 

Miles. 
■6,  QVli 
90 

Miles. 
1,  714i 

Miles. 
9,  224i 

90 

;!,  -MS 

Total 

4,  0024 

1,714^ 

9,  3 14 J 

Section  5.— SOUTH  AMERICA,  CENTRAL  AMERICA, 

AND  MEXICO. 

ARGENTINE  REPUBI.IC. 

General  Remarks. — Metal  track  is  the  standard  form  of  track  in 
this  country,  owing  to  the  difficulty  of  obtaining  suitable  timber  in 
suflicient  quantities.  The  most  generally  used  type  consists  of  cross- 
ties  composed  of  cast-iron  bowls  arranged  in  pairs  and  connected  by  a 
transverse  tie-bar.  Within  the  last  few  years,  however,  steel  cross- 
ties  have  been  introduced.  Since  1888,  about  700,000  steel  ties  of  the 
"Post"  type  (See  "Holland")  and  about  20,000  tons  of  the  Tozer  steel 
ties  (See  "England")  have  been  contracted  for.  Mr.  Griswold,  writing 
from  Buenos  Ayres  in  July,  1888,  said  in  regard  to  metal  ties:  '^We 
use  nothing  else  here,  except  in  the  far  north  and  west."  The  timber 
ties  used  in  the  northern  part  are  principally  of  '^  quebracho  Colorado," 
which  is  a  very  hard  timber ;  the  spike  holes  are  bored,  and  square 
spikes  with  rounded  ends  are  driven  Id.  It  is  almost  impossible  to 
draw  these  spikes.  The  timber,  however,  is  very  inflammable,  and  the 
ties  are  therefore  covered  over  with  the  ballast.  Suitable  material  for 
proper  ballast  not  being  available,  the  surface  soil  is  generally  used, 
being  well  tamped  and  packed  into  and  around  the  bowls,  and  with 
ample  provision  made  for  drainage.  Between  the  rails  it  is  about  1 
inch  below  the  top  of  the  rail  head,  and  outside  the  track  it  is  nearly 
level  with  the  top  of  the  rails.  The  want  of  proper  ballast  is  especially 
felt  in  the  rainy  seasons,  when  the  earth  soil  ballast  is  frequently 
saturated  or  washed  out,  entailing  considerable  expense  for  repairs. 
The  usual  gauge  of  the  railways  is  5  feet  6  inches. 

Buenos  Ayres  Great  Southern  Railway  (See  plate  ^o.  26).— 
The  following  particulars  are  taken  from  a  full  and  complete  report, 
accompanied  by  drawings,  furnished  in  May,  1888,  for  the  purpose  of 
this  report  by  Mr.  Sam.  Abbott,  general  manager,  and  Mr.  Henry  G. 
Sketchley,  chief  resident  engineer  ; 

The  road  has  13.75  miles  of  double  track  and  819.50  miles  of  single  track  laid  with 
metal  ties.  The  steepest  grade  is  1  in  91  for  a  length  of  .77  mile  approaching  Buenos 
Ayres.  Generally  the  rnliug  grade  is  I  in  200,  but  by  far  the  greater  portion  of  the 
railway  is  either  level  or  has  very  flat  grades.  The  sharpest  curve  has  a  radius  of 
820  feet,  but  this  is  quite  exceptional,  and  is  close  to  a  station.  Generally  the  curves 
are  extremely  easy,  being  of  very  long  radius.     The  embankments  and  cuttings  are 

22893— Bull.  4 17  257 


258 


generally  small,  owing  to  the  extreme  flatness  of  this  country  ;  the  highest  bank  is 
21  feet  and  the  deepest  cut  13  feet.  The  various  sections  of  the  line  were  opened 
to  traffic  as  follows  : 


From- 


To- 


Buenos  Ayres '  Jeppfnor. . . 

Jeppeiier Cliascomus. 

Altaniirauo liaiicbos  ... 

Kaiuhos Salado 


Opened. 


Aujr.  14, 
Dec  1-t, 
Mar.  1, 
May  19, 


Las  Floras [  July 

:  Nov. 


Salado 

Cliasconiu3 Dolores  .. 

Las  Floras Azul 

Dolores |  Ayacucho 

Azul '  Olavarria 

Ayacucho '.  Taudil  ... 

Olavarria '  La  Gama . 

La  Gaina El  Puerto Mav 

Tandil I  Juarez Feb 

Juarez  i  Tres  Arroyos 

Maipu i  Mar  del  Plata 

HiDOJo Sierra  Cliica.. 

Hinojo I  Sierra  Baya  . . 


Sept, 
Dec. 
Mar. 
Aujr 
Oct.' 


1, 
Apr.  2, 
Sept.  20, 
June  1, 
....do  .. 


1865 
1865 
1871 
1871 
1872 
1874 
1876 
1880 
1883 
1883 
1883 
1884 
1885 
1886 
1886 
1887 


Length. 


Milets. 
47.85 
22.60 
14.88 
19.84 
40. 17 
55.71 
67.93 
79.50 
27.10 
39.10 
58.00 
162.  00 
53.  00 
56.12 


4.21 
3.48 


There  is  considerable  passenger  traffic,  especially  on  the  double  track.  The  freight 
traffic  consists  chiefly  of  wool,  hides,  grain,  stone  (the  latter  from  the  Sierras  of  Tan- 
dil and  Hinojo),  cattle,  horses,  and  sheep.  The  locomotives  are  of  various  types  and 
weights;  the  heaviest  are  built  by  Beyer  &  Peacock,  of  England,  and  weigh  102,080 
pounds,  with  a  weight  of  24,808  pounds  on  the  driving-wheels. 

Mr.  Henry  G.  Sketchley,  is  the  engineer  in  charge.  The  ties  consist  of  cast  iron 
bowls  on  the  Livesey  system  (See  "England"');  they  are  of  the  forms  patented  in 
1870  and  18'?2.  The  new  pattern  is  a  great  improvement  upon  the  old  one,  which 
had  not  sufficient  lateral  bearing  surface,  the  outer  jaws  cutting  into  the  flange  of 
the  rail  and  in  some  places  eating  it  away  right  up  to  the  web.  In  the  old  form  of 
bowls  there  were  recesses  carrying  hard-wood  cushions  for  the  rails  to  rest  on  ;  these 
became  rotten  in  course  of  time,  and  the  rail  then  bore  upon  the  edges  of  the  rece.^^s, 
which  cut  into  the  under  side  of  the  flange  of  the  rail.  The  sectional  area  of  tlu' 
rail  being  then  reduced  in  two  places,  the  rail  became  unfit  for  use  much  sooner  than 
it  otherwise  would  have  done.  The  inner  jaws  (for  the  keys),  also  being  made  of 
cast-iron,  frequently  broke.  All  these  weak  points  have  been  remedied  in  the  new 
pattern  of  bowls.  The  bowls  are  of  cast-iron  and  weigh  82  pounds  each.  The  joint 
ties  are  spaced  3  feet  4^  inches  apart,  center  to  center  of  tie-bars,  and  intermediat(y 
ties  3  feet  7^  inches.  No  preservative  treatment  is  considered  necessary;  cast-iron 
rusts  very  slowly  and  the  metal  is  pretty  thick.  They  are  manufactured  by  the  An- 
derston  Foundry  Company,  of  Glasgow,  Scotland,  and  the  cost  in  1888  was  ^18.50  pet 
ton,  delivered  free  on  board  nt  Glasgow.  For  curves  the  adjustment  of  gauge  is 
effected  by  having  the  holes  in  the  tie-bars  punched  a  little  farther  apart  to  give  a 
widening  of  from  one-quarter  to  one-half  inch,  according  to  the  radius  of  tbe  curve. 
The  tie-bars  can  be  bent,  but  this  is  a  bad  practice.  It  is  certain  that  the  ties  have 
a  very  long  life,  but  there  is  not  sufficient  data  at  hand  to  say  how  long. 

The  ballast  is  of  black  earth,  on  which  the  grass  is  allowed  to  grow.  During  the 
times  of  floods  the  grass  is  a  great  protection  ;  and  during  dry  weather  it  also  re- 
duces the  dust,  which  is  a  great  annoyance  to  travelers.  The  ballast  becomes  very 
highly  indurated  by  the  compression  and  vibration  of  the  passing  trains,  so  much  so 
that  during  floods  the  earth  under  the  bowls  stands  up  like  small  pillars,  all  the  in- 
termediate and  surrounding  earth  having  been  washed  away.  It  becomes  nec- 
essary, however,  to  pack  the  rails  with  hard-wood  ties  at  such  times,  as  nothing  can 
be  done  with  the  earth  that  has  become  saturated  with  water.  The  rails  are  of  steel, 
of  flange  section.  As  the.58-pouud  rails  become  too  much  worn  to  allow  of  their  re- 
maining in  the  track  they  are  being  rei)laced  with  70-pouud  rails.  The  rail-joints 
are  suspended. 
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Tho  reasons  for  adopting  metal  ties  were  the  dillftcnlty  of  procnring  good  hard- wood 
ties  ill  siitlicient  (quantities,  and  their  greater  expense  :  also,  because  a  more  rigid 
and  more  satisfactory  construction  can  be  made  ^vith  iron  ties.  The  general  results 
are  considered  to  bo  most  satisfactory.  In  very  wet  weather  there  is  certainly 
trouble  with  the  maintenance  of  track,  but  so  there  would  be  in  the  case  of  wooden 
ties  ;  the  reason  being  that  the  earth  when  wet  can  not  be  used  for  packing  in  either 
case.  There  is  no  trouble  with  the  rail  attachments.  Breakages  seldom  occur.  Tho 
iron  ties  are  considered  more  ellicient  than  wooden  ties,  but  as  none  of  tho  latter  are 
used  on  this  line  there  is  no  certain  data  for  a  definite  conclusion.  Wooden  ties  of 
"quebracho  Colorado"  cost  about  $2.25  each.  The  climate  is  very  variable  and 
humid;  consequently  wood,  especially  pitch  pine,  soon  becomes  rotten.  The  rails 
are  certainly  too  light  for  the  heavy  traffic  that  passes  over  them,  but  this  will  be 
generally  remedied  by  the  introduction  of  a  heavier  section  of  rail.  Generally  speak- 
ing, the  road  is  considered  a  good  one. 

The  drawings  show  bowls  oval  on  plan,  26  Inches  long,  parallel  with 
the  rail,  and  18^  inches  wide  transverse  to  the  track  (See  plate  No.  26). 
The  length  on  top  is  21 J^  inches,  and  the  middle  is  depressed  like  a 
saucer.  The  thickness  is  live-eighths  inch  on  top,  five-sixteenths  inch 
on  the  sides  and  eleven  thirty-seconds  inch  in  the  middle.  The  rail  is 
secured  on  the  outer  side  by  two  lugs  which  hold  the  rail-flange;  the  inner 
flange  is  held  by  a  cast-iron  taper  corrugated  key,  which  bears  on  the 
web  and  flange  of  the  rail,  and  is  driven  between  the  rail  and  a  corru- 
gated steel  jaw  which  is  let  into  a  socket  in  the  bowl  and  is  inclined 
toward  tlie  rail.  This  jaw  was  formerly  of  iron,  cast  on  the  bowl.  The 
tie  bar  is  of  wrought  iron,  1^  inches  deep  by  one-half  inch  thick ;  it 
passes  through  the  upi)er  part  of  the  bowl  and  is  secured  by  a  curved 
cutter  1|  inches  wide,  five-sixteenths  inch  thick,  6J  inches  long  on  the 
arc  and  about  SJ  inches  radius.  The  cotter  is  under  and  parallel  to  the 
rail,  and  lies  in  the  saucer-shaped  depression  in  the  middle  of  the  bowl. 
There  are  eight  pairs  of  bowls  to  a  rail  length  of  25  feet.  The  rails  now 
being  used  are  of  steel,  flange  section,  weighing  70  pounds  per  yard  ; 
they  are  25  feet  long,  but  are  to  be  30  feet  in  future ;  they  are  5  inches 
high,  head  2.4inches  wide,  3.45  inches  wide  over  the  flange,  radius  of  top 
table  15  inches,  and  of  top  corners  one-half  inch.  The  splice  plates  are 
of  steel,  of  deep  pattern,  having  a  vertical  web  projecting  below  the 
flange  of  the  rail,  and  being  5  inches  deep  over  all.  The  plates  are  IS 
inches  long,  and  have  four  bolt-holes,  spaced  4J  inches  center  to  cen- 
ter ;  the  inner  plate  has  the  holes  yf  inch  by  l^r  inches  to  fit  the  shape 
of  the  neck  of  the  bolt ;  the  outer  plate  has  holes  fifteen-sixteenths  inch 
diameter ;  the  holes  in  the  rail  are  oval,  IJ  by  1  inch.  The  Jbbotson 
patent  bolt  and  nut  is  used ;  a  bolt  seven  eighths  inch  diameter,  with 
hexagon  nut  and  round  washer  IJ  inches  diameter.  The  rail  joints  are 
even  and  suspended.  The  older  rails  were  of  steel,  and  of  similar  form  ; 
they  were  4J  inches  high,  with  a  head  2-/6  inches  wide,  and  a  flange  3J 
inches  wide.  The  joints  are  as  above  described,  but  the  splice  plates  are 
only  4|  inches  deep. 

The  material  necessarily  used  for  ballast  requires  that  great  care  be 
taken  to  dispose  it  so  as  to  drain  easily  and  rapidly.     On  the  outer  side 
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of  the  track  it  is  level  with  the  under  side  of  the  rail  head,  and  is  then 
gradually  sloped  off  by  three  plaues  at  different  angles  to  a  width  of 
about  18  feet  at  subgrade.  Between  the  rails  the  ballast,  at  a  distance 
of  about  6  feet  from  the  ends  of  the  rail,  forms  a  ridge  across  the  track 
level  with  the  under  side  of  the  rail  head  ;  from  this  ridge  it  slopes  down- 
ward in  all  directions  to  the  drainage  channels  at  the  middle  and  ends 
of  the  rails.  The  channels  at  the  ends  are  cut  right  across  the  road- 
bed, but  those  at  mid-rail  length  only  run  from  the  middle  of  the  track 
to  one  side,  being  to  right  and  left  alternately.  In  this  way  a  form  of 
surface  is  given  which  tends  to  throw  oft'  water  and  drains  rapidly. 
The  greatest  depth  of  ballast,  from  under  the  rail  heads,  is  18  inches; 
sloping  down  to  15  inches  at  the  center  line  of  the  track,  with  channels 
about  6  inches  deep.  At  the  rail  ends  the  ballast  is  about  12  inches 
deep  under  the  rails. 

Centeal  Argextoe  Eailway  (See  plate  Xo.  20). — In  1889,  the 
consulting  engineer.  Sir  Douglas  Fox,  of  London,  stated  that  about  G40 
miles  were  then  laid  with  metal  track.  The  line  is  almost  entirely  laid 
with  ties  composed  of  cast-iron  bowls  of  Livesey^s  pattern.  The  exten- 
sions which  were  under  construction  in  April,  1888,  were  being  laid 
with  these  ties.  There  is  no  ballast  proper,  the  bowls  being  packed 
with  the  black  loam  of  the  couutry.  The  grades  and  curves  are  easy. 
Speed  of  trains,  about  30  miles  per  hour.  Weight  on  driving  wheels  of 
locomotives,  about  6  tons  to  each  wheel.     The  gauge  is  5  feet  G  inchesi 

The  following  i)articulars  are  from  a  statement  furnished  in  Januar^^^ 
1889,  by  Mr.  Malcolm  Graham,  the  resident  engineer: 

The  line  is  from  Rosario  to  Cordoba,  with  branches  under  construction  from  Cauoda 
de  Gomez  to  Pergamino  and  Las  Yerbas.  The  total  length  was  245.52  miles.  The 
line  is  very  straight  and  level,  having  maximum  grades  of  .5  per  cent,  and  curves  of 
6,560  feet  radius.  Construction  was  commenced  in  1864  and  finished  in  1870,  the  work 
being  done  under  the  supervision  of  Mr.  Graham.  The  traffic  consists  of  passengers 
and  general  freight.  The  locomotives  weigh  about  60  tons.  The  ties  are  of  cast-iron 
bowls,  on  Livesey's  system,  weighing  90  pounds  each.  They  are  manufactured  in 
England,  are  not  treated  with  any  preservative  process,  and  cost  delivered  $1.05 
(gold).  They  are  spaced  5  feet  8i  inches  apart,  center  to  center  ;  no  special  arrange- 
ments are  made  for  curves.  They  are  spaced  'A  feet  9  inches  apart,  center  to  center 
of  tie  bars,  giving  eight  ties  to  a  rail  length.  Their  durability  is  very  good.  The 
ballast  is  of  black  earth,  which  is  good  except  in  wet  weather.  The  rails  are  of  steel, 
of  bull-headed  section,  30  feet  long,  and  weigh  66  pounds  per  yard ;  the  joints  are 
suspended,  and  are  fastened  by  straight  splice-plates  18  inches  long,  with  four  bolts 
three-fourths  inch  diameter.  The  reason  for  using  metal  ties  is  the  difficulty  of  ob- 
taining wood;  the  general  results  of  the  metal  track  are  satisfactory.  The  climate 
has  no  perceptible  efiect.  There  is  more  trouble  with  maintenance  of  the  metal  track 
than  of  track  on  wooden  ties,  especially  in  wet  weather.  Breakages  occur  in  ship- 
ment and  in  cases  of  derailment.  The  track  on  wooden  ties  is  considered  to  be  better, 
if  the  wood  was  only  obtainable.  The  dift'erence  in  cost  depends  upon  the  distance 
the  material  has  to  be  carried. 

Each  bowl  is  19j-  inches  long,  at  right  angles  to  the  rail,  and  the 
depth  under  the  rail  is  5  inches.  (See  plate  No.  26.)  The  tie-bar  is  of 
wrought  iron  2  inches  deep,  one-half  inch  thick,  and  7  feet  long;  it  is 
secured  by  a  flat,  curved  cotter,  1|  inches  wide  and  one-fourth  inch 
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thick,  driven  parallel  with  the  rail  through  the  bowl  and  a  notch  in  the 
lower  edge  of  the  tie-bar.  No  more  bull-head  rails  are  being  used,  but 
the  extensions  are  being  laid  partly  with  steel  liange-rails  weighing  80 
l)()unds  per  yard  (on  the  suburban  portion  near  Buenos  Ayres),  and 
l)artly  with  similar  rails  weighing  67  pounds  per  yardj  the  latter  are  4|f 
inches  high,  with  a  flange  3.J  inches  wide;  they  have  an  inward  inclina- 
tion of  1  in  liO.  The  track  was  being  relaid  in  1887-'88  with  steel  rails  25 
feet  long,  replacing  the  old  iron  rails.  With  this  work  an  extra  pair  of 
bowls  was  jnit  in  for  every  rail  length.  The  outer  flange  of  the  rail  is  held 
by  a  lug  on  the  bowl ;  the  inner  fastening  consists  of  two  pieces,  a  loose 
steel  jaw  and  a  cast-iron  key.  The  steel  jaw  is  3.J  inches  square,  three- 
eighths  to  five-eighths  inch  thick;  the  inner  face  is  corrugated  vertically 
and  there  are  two  vertical  ribs  on  the  back;  this  jaw  is  let  into  a  socket  in 
the  bowl  and  inclines  inward  at  an  angle  of  about  55  degrees,  the  top 
being  about  1  inch  from  the  web  of  the  rail.  The  cast-iron  key  is  driven 
between  the  jaw  and  the  rail,  bearing  on  the  web  and  flange  of  the  rail. 
The  weight  of  the  ties  is  as  follows : 


Unit 
weight. 


Total. 


Cast-iron  bowls  with  steel  jawa 

Cast-iron  keys 

Wi  ought-iron  tie-bar 

Wrought-iron  cotters 


Pounds. 

90.00 
5.00 

23.00 
0.84 


Pounds. 

180.  00 

10.00 

23.00 

1.68 


Total  weight  per  tie 


214.  68 


The  dimensions  of  the  cross  section  of  the  line  on  double-track  are  as 
follows  :  Width  at  subgrade,  29.50  feet ;  outside  of  this  at  each  side  is 
a  ditch  18.4  inches  deep,  14  inches  wide  at  the  bottom,  and  22  inches 
wide  on  top.  The  distance  between  the  inner  rails  of  the  two  tracks  is 
7.31  feet,  and  the  distance  center  to  center  of  outer  rails  is  18.06  feet ; 
the  ballast  is  12  inches  deep  between  the  rails  and  18  inches  outside, 
sloping  down  3  to  1  to  form  a  drain  between  the  tracks ;  and  on  the 
outer  sides  it  slopes  down  3  to  1,  the  slope  being  3  feet  6  inches  wide, 
and  leaving  a  strip  12  inches  wide  between  the  toe  of  the  ballast  and 
the  ditch. 

In  regard  to  the  earth  ballasting,  Mr.  Walter  Morrison,  president  of 
the  company,  made  the  following  remarks  at  the  annual  meeting  in 
London,  in  May  1889  : 

You  kuow  that  in  tl^is  country  there  is  no  ballast.  The  sleepers  (ties)  are  just  put 
down  on  the  soil,  and  when  it  rains  the  soil,  saturated  with  water,  works  up  into  a 
puddle,  and  it  is  impossible  then  for  the  permanent-way  (track)  men  to  do  anything 
with  the  line.  It  is  no  use  to  put  more  soil  under  the  sleepers  to  pack  them  up,  be- 
cause the  soil  becomes  a  puddle  ;  and  I  am  afraid  that  when  the  rain  stops  we  shall 
have  a  heavy  bill  to  pay  for  damages  to  the  line  at  the  time  of  the  rain-fall. 

The  rain-fall  of  the  season  of  the  early  part  of  1889  was  said  to  have 
been  extraordinary  in  its  persistence.  Allowance  must  be  made  for  Mr. 
Morrison  being  unacquainted  with  railway  construction  when  he  said 
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that  ^^tlip  sleepers  are  just  put  down  ou  the  soil."  This  might  con- 
vey the  idea  that  the  line  was  very  roughly  aud  cheaply  built ;  but,  as 
has  been  shown  in  the  description  of  the  Buenos  Ayres  Great  Southern 
Eailway,  great  care  is  generally  takeu  to  make  the  best  possible  road- 
bed with  poor  material.  From  the  particulars  given  above  it  is  proba- 
ble that  similar  care  has  been  taken  on  this  line,  and  Mr.  Morrison  was 
only  unfortunate  in  his  manner  of  expressing  himself. 

Buenos  Ayres  and  Pacific  Eailway.— This  is  one  of  the  railways 
which  is  to  connect  with  the  Chilian  railways  and  form  a  transconti- 
nental line.  The  gauge  is  5  feet  G  inches.  It  is  about  420  miles  long; 
for  the  first  18.6  miles  wooden  ties  (of  quebracho-colorado)  are  used, 
and  the  remainder  is  laid  with  cast  iron  bowls.  The  bowl,  or  "copa,"  is 
oval  on  plan  ,  26  inches  long  by  18  inches  wide  across  the  track,  8  inches 
deep,  and  about  five-eighths  inch  thick ;  they  are  spaced  4  feet  8  inches 
apart,  center  to  center  of  tie-bars.  The  rails  are  of  double-headed  sec- 
tion ;  the  outer  side  is  supported  by  two  lugs,  and  ou  the  inner  side  is  a 
wrought-iron  lug  with  a  key  driven  between  it  and  the  web  of  the  rail; 
they  are  spliced  in  the  usual  way. 

The  following  notes  are  from  letters  from  Mr.  F.  L.  Griswold,  pub- 
lished in  the  Railroad  Gazette,  Xew  York,  May  1  aud  August  28. 1885. 

February  15,  1885. — Track-laying  under  good  organization  can  be  done  a  third 
more  rapidly  than  with  wooden  ties,  at  least  I  think  so.  The  rail  weighs  56  pounds 
per  yard  and  is  4  inches  high  and  3  inches  base;  it  has  a  bearing  of  16  inches  ou 
each  tie  aud  is  clamped  at  each  end  of  the  bearing  on  the  outside  and  at  the  middle 
on  the  inside.  The  wrought-iron  lug  that  holds  the  cast-wedge  is  corrugated  ou  the 
inside  and  the  wedge  or  key  on  the  outside.  The  tie-rods  are  put  in  and  keyed  up 
on  the  ground.  Between  Buenos  Ayres  and  the  foot  of  the  Andes  the  location  is 
easy;  there  is  one  tangent  211  miles  long.  There  are  no  bridges.  The  deepest  cut 
is  about  3.28  feet  and  the  highest  till  about  6.56  feet.  The  grades  are,  say,  0.5  per 
cent.,  or  26  feet  per  mile  as  an  outside  maximum.  Only  96  miles  are  as  yet  completed 
and  in  operation. 

June  29,  1885. — We  are  using  a  50-pound  English  steel  rail,  with  Livesey's  patent 
iron  bowls,  which  give  21  inches  of  support  to  28  inches  of  suspension,  or,  in  other 
words,  the  supports  are  21  i aches  long,  and  the  clear  distance  between  supports  is 
28  inches;  all  loam  ballast.  Over  this  track  we  are  using  engines  of  about -40  tons 
on  a  wheel-base  of  about  18  to  20  feet  as  an  average  of  the  different  styles.  The 
east  end  of  the  road  has  been  in  use  for  about  twenty  months  and  shows  good  track 
and  the  rails  in  good  condition. 

In  a  personal  letter  to  me  in  July,  1888,  Mr.  Griswold  stated  that  he 
had  a  deep  interest  in  the  movement  for  forest  protection  and  in  the 
metal  tie  question.  He  gave  as  his  opinion  that  iron  or  steel  ties  will 
supersede  wood  in  nearly  all  countries,  and  that  a  U^ack  may  be  built 
with  them  that  will  possess  equal  efficiency  in  all  respects  with  a  track 
on  wooden  ties. 

East  Argentine  Kailway. — The  following  particulars  are  from  a 
report  sent  to  me  in  August,  18S9,  by  the  president  of  the  Argentine 
Kepublic  Society  of  Civil  Engineers: 

The  line  runs  from  Concordia  to  Ceibo,  a  distance  of  99.20  miles.  There  are  12,500 
metal  cross-ties  in  use,  2,500  being  of  iron  and  10,000  of  steel :  metal  ties  are  also  used 
in  renewing  old  wooden-ties.     The  ties  have  been  laid  at  different  times  since  1880  and 
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the  work  has  boen  done  under  the  supervision  of  Mr.  Oliver  Bmlge,  chief  engineer  of 
the  railway.  Th(>  locomotives  weigh  'M  tons  each,  and  have  a  weight  of  11  tons  on 
the  driving-wheels.  The  iron  ties  are  made  by  the  Lo  Grange  Works  in  France,  and 
weigh  81.4  pounds  each.  The  steel  ties  are  of  the  type  adopted  on  the  Indian  State 
Railways  and  are  manufactured  by  the  Ebbw  Vale  Iron  and  Steel  Company,  of  Eng- 
land ;  they  are  8  feet  long  by  8  inches  by  4  inches;  three-eighths  inch  thick ;  they 
weigh  90  pounds  each,  and  92|  pounds  with  fastenings.  They  are  spaced  3  feet  apart, 
center  to  center.  They  are  given  a  coat  of  coal  tar,  and  the  cost  at  the  works  is  $1.35 
each  in  gold.  On  curves  eight  ties  are  used  to  a  rail  length  of  21.32  feet.  There  is 
little  expense  for  maintenance,  and  the  ties  laid  in  1880  are  still  in  good  condition. 
The  balhist  is  of  gravel,  which  becomes  consolidated  under  the  ties.  The  width  at 
subgrade  is  16  feet.  The  rails  are  of  flange  section,  4  inches  high  and  3-^  inches  wide  ; 
they  are  spliced  by  fish-plates  and  4  bolts.  For  37.20  miles  the  joints  are  suspended, 
and  for  the  remaining  62  miles  they  are  supported  on  the  ties.  The  metal  ties  were 
adopted  on  account  of  their  greater  durability  than  wood,  and  the  results  have  been 
very  satisfactory.  There  is  no  trouble  with  the  rail  fastenings,  and  breakages  are 
very  rare.  The  steel  ties  effect  a  saving  of  4  inches  of  ballast.  Hard-wood  ties  ara 
also  used,  and  cost  ^1.20  (gold)  each.  The  climate  is  mild  and  has  A^ery  little  de- 
structive effect  on  the  ties.  The  line  is  4  feet  8^  inches  gauge,  has  a  maximum  grade 
of  1  in  80  (1.25  percent.,)  and  a  minimum  curve  of  1,640  feet  radius.  The  rails  are  se- 
cured to  the  ties  by  riveted  and  bolted  clips,  the  inner  clip  of  one  rail  and  the  outer 
clip  of  the  other  rail  being  riveted  ;  the  holes  are  punched  cold. 

Santa  Fe  and  Cordova  Great  Southern  Eailway. — This  line, 
which  will  run  from  Villa  Constitucion  to  La  Oarlota,  a  distance  of  186 
miles,  is  now  under  cohstruction.  The  track  will  consist  of  steel  rails 
of  Hange  section,  weighing  65  pounds  per  yard,  laid  on  steel  cross-ties  ; 
21,000  tons  of  rails  and  20,000  tons  of  steel  ties  were  ordered  in  1889. 
The  ties  are  of  inverted  trough  section,  weighing  120  pounds  each,  and 
the  rails  are  secured  by  lugs  and  keys.  They  are  spaced  eleven  to  a 
rail  length  of  32  feet.  The  rail  joints  are  suspended.  The  ballast  is  of 
earth.  Schultz,  Tozer  &  Co.,  of  London,  supplied  the  365,000  steel  ties 
(20,000  tons),  which  are  for  mixed  gauge.  The  two  outer  rails,  for  the 
gauge  of  5  feet  6  inches,  are  of  flange  section,  and  are  secured  to  the  tie 
in  the  same  way  as  on  the  Indian  state  railways;  the  middle  rails,  for 
the  meter  gauge,  are  of  bull-headed  section,  secured  to  the  self-fasten- 
ing chairs  patented  by  this  firm  (See  "  England").  The  steel  used  is  of 
the  quality  generally  used  for  the  Indian  ties;  it  is  equal  to  a  tensile 
strain  of  between  26  and  31  tons  to  the  square  inch,  with  a  contraction 
of  10  per  cent,  at  the  point  of  fracture.  Mr.  E.  H.  Woods  is  the  en- 
gineer. 

Buenos  Ayres  and  Ensenada  Port  Railway.— This  line  is  37 
miles  long,  5  feet  6  inches  gauge,  and  the  track  consists  of  steel  rails 
weighing  68  pounds  per  yard,  carried  on  cast-iron  bowls,  which  are  bal- 
lasted with  the  black  earth  of  the  country.  The  line  connects  the  city 
of  Buenos  Ayres  with  the  new  docks  and  port  at  Ensenada ;  the  cost 
was  about  $95,000  per  mile,  there  being  some  expensive  works  on  the 
first  5  miles  and  at  the  crossing  of  the  Riachuelo  River.  It  passes 
through  agricultural  and  grazing  country,  and  has  a  large  passenger 
traffic ;  from  Buenos  Ayres  there  is  a  large  traffic  of  suburban  trains. 
The  following  note  on  the  respective  merits  of  steel  cross-ties  and  cast- 
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iron  bowls  (or  i)ots)  is  taken  from  the  report  of  Mr.  A.  E.  Brown,  gen- 
eral manager,  made  in  October,  1889 : 

Main  line.- — This  is  in  good  running  order  througlioiit.  It  is  interesting  to  note  tlie 
superiority  of  the  new  transverse  steel  sleepers  that  you  have  senc  for  the  double 
line  over  the  ''  pots."  I  have  laid  half  a  kilometer  (.31  mile)  of  the  new  rails  and 
ties  between  Barracas  and  General  Mike  ;  they  have  been  down  since  April,  and  have 
hardly  required  any  touching.  It  is  difficult  to  estimate  the  enormous  saving  that 
may  be  eifected  by  the  use  of  these  sleepers  in  the  personnel  of  the  permanent  way  : 
they  are  especially  adapted  to  the  mud  ballast  of  this  country,  as  after  rain  there  is 
beneath  them  a  tie  composed  of  dry  earth,  which  forms  a  very  rigid  road.  Their 
great  superiority  over  the  pot  is  in  that  they  do  not  sink  on  one  rail  which  is  invari- 
ably the  case  with  the  pots,  which  carries  a  nasty  oscillating  movement  to  the  train  ; 
also  that  they  are  not  so  easily  broken." 

Buenos  Ayres  akd  Eosario  EAiLWAY.~On  this  line  cast-iron 
bowls  are  said  to  be  nsed  as  far  as  Sunchales,  a  distance  of  341  miles, 
beyond  wbich  ties  of  "  quebracho- Colorado  "  wood  are  used. 

Buenos  Ayres  Northern  Eailway. — This  line  has  5Jf  miles  of 
single  track  laid  with  metal  track,  which  was  put  down  between  1877 
and  1886.  There  is  ordinary  passenger  and  freight  traffic,  hauled  by 
locomotives  weighing  20  to  48  tons  in  working  order.  Mr.  T.  E.  M. 
Marsh,  of  England,  is  consulting  engineer.  The  line  has  now  been  ab- 
sorbed by  the  Central  Argentine  Eailway.  The  ties  consist  of  a  pair  of 
cast-iron  bowls  of  oval  shape  27  by  20  inches,  weighing  100  pounds 
each.  They  were  manufactured  by  the  Anderston  Foundry  Company, 
of  Glasgow,  Scotland,  and  are  treated  with  Dr.  Angus  Smith's  preserva- 
tive solution.  There  are  eight  pairs  of  bowls  to  a  rail  length  of  23  feet. 
The  bowls  are  connected  by  transverse  tie-bars,  with  a  gib  and  cotter 
fastening  to  each  bowl;  the  gauge  can  be  adjusted  or  widened  by 
transposing  the  gibs  and  cotters.  Up  to  August  15,  1889,  the  date  of 
Mr.  Marshes  communication,  no  breakages  had  been  reported.  The 
parts  of  the  line  where  these  ties  are  used  are  badly  provided  with  good 
ballast  for  ordinary  wooden  ties,  and  the  metal  ties  are  adopted  because 
the  ballast  is  soft  and  bad  for  wooden  ties  of  ordinary  dimensions. 
Where  wooden  ties  are  used  they  are  of  native  hard  wood,  which  is  good 
and  durable.  The  rails  are  of  steel,  of  flange  section,  weighing  68  and 
75  pounds  per  yard ;  they  are  secured  by  patent  cast-iron  corrugated 
keys.  The  rail  joints  are  suspended,  and  are  spliced  by  fish-plates  16 
inches  long,  with  four  bolts. 

Western  of  Buenos  Ayres  Eailtvay.— This  line  is  about  620  miles 
long,  5  feet  6  inches  gauge.  There  are  Barlow  iron  rails  weighing  88.5 
pounds  per  yard ;  double-headed  rails  weighing  64.38  pounds  per  yard, 
and  steel  flange  rails  weighing  56.34  pounds  per  yard.  The  track  now 
used  consists  of  steel  rails  26.24  feet  long,  carried  on  nine  cross-ties  of 
hard  wood  (quebracho  or  urunday),  or  upon  seven  pair  of  Livesey's  cast 
iron  bowls. 

Andine  Eailway.— This  line  is  476  miles  long,  5  feet  6  inches  gauge. 
The  track  consists  of  rails  weighing  about  54  pounds  per  yard,  carried 
on  cast-iron  bowls. 
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Santa  Fe  and  Northern  Colonies  Eailway.— Tbis  line  is  G2 
miles  long",  1  meter  gauge.  The  rails  are  of  steel,  weighing  45  pounds 
per  yard.  Some  of  the  ties  are  of  the  ^'quebracho-colorado"  wood, 
brought  from  the  Chaco  and  from  Corrientes,  but  the  majority  arc  of 
cast-iron  bowls. 

Northern  Central  Eailway. — This  line  is  about  548  miles  long, 
1  meter  gauge.    Iron  ties  are  extensively  used. 

SUMMARY  OF  METAL  TRACK  FOR  THE  ARGENTINE  REPUBLIC. 


Railways. 

Cast-iron 
bowls. 

Cross-ties. 

Bueiio'^  Avi'es  Great  Soutliern                •     .......................... 

Miles. 
833.  25 
640.  00 
407.  40 

Miles. 

East  Arfoiitiiie                               ..       ...                    .         .     ........ 

7.10 

186.  00 

3G.  69 

341.00 

5  81 

250.  00 

476.  00 

60.00 
300.00 

0.31 

Buenos  A  vres  aiifl  Rosario  ..          ..   .. .     ...  ....... .. ....... 

AVe.'Nterii  of  Bueiios  Ayres  (estiiHated)                                 .  . . 

Andine 

Xortberu  Central  (estimated)                            ..                        .     .               

Total  

3,  350. 15 

193  41 

CHILI. 

General  Eemarks.— In  November,  1889,  "  Industries,"  and  some 
other  European  engineering  journals,  reported  that  the  Chilian  Govern- 
ment, through  its  legation  at  Paris,  France,  was  negotiating  for  739,400 
metal  ties  9  feet  long,  and  725, 100  ties  4.25  feet  long.  Mr.  Henry  Budge, 
chief  engineer  of  the  State  railways,  has  stated  that  there  must  have 
been  some  mistake,  no  such  proposals  having  been  asked  for  by  the 
Government.  Mr.  C.  M.  Seibert,  secretary  of  the  United  States  legation 
at  Santiago,  stated  in  January,  1889,  that  there  were  679.52  miles  of  lines 
owned  by  the  Government,  and  965.96  miles  owned  by  private  parties  or 
companies,  a  total  of  1,645.48  miles.  Some  new  lines  are  being  built. 
He  also  stated  that  Chili  possesses  abundance  of  forests  in  the  southern 
part  of  her  territory,  sufficient  for  supplying  railway  ties  for  many 
years. 

CoQumBO  Railway.— In  a  letter  dated  August  4,  1888,  Mr.  Henry 
A.  Vivian,  chief  engineer,  stated  that  in  1887  he  received  from  England 
sufficient  steel  ties  to  lay  one  mile  of  track,  but  so  far  very  few  had 
been  put  in.  They  were  steel  cross- ties,  of  the  type  adopted  for  the 
Indian  State  Kailways,  9J  inches  wide  at  the  bottom,  and  having  an 
extra  thickness  of  metal  on  the  top.  They  were  for  a  gauge  of  5  feet  6 
inches,  and  weighed  120  pounds  each.  They  were  not  what  he  wanted, 
and  as  their  weight  made  them  very  expensive  he  decided  not  to  ask 
for  any  more.  They  cost  $8  each,  in  Chili  currency,  while  timber  ties, 
having  an  average  life  of  about  five  or  six  years,  could  then  be  bought 
for  $1.30.    Cypress  ties  are  used. 
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BRAZIL. 

General  Remarks. — In  this  country,  metal  ties  have  only  been 
tried  to  a  limited  extent.  Mr.  Jason  Uigby,  chief  engineer  of  the  Great 
Western  of  Brazil  Railway,  iu  a  letter  dated  May  17,  1S89,  stated  that 
there  were  two  reasons  tor  the  nou-employmeut  of  metal  ties :  First, 
because  tbe  Government,  wishing  to  encourage  the  use  of  native  ma- 
terial, has  objected  to  their  use ;  second,  because  the  native  hard  wood 
can  be  obtained  at  a  very  low  x^rice.  Mr.  O'Meara,  of  the  Brazil  Great 
Southern  Railway,  stated  that  no  iron  or  steel  ties  are  in  use  on  that 
road,  as  native  timber  of  good  quality  is  obtainable  at  moderate  prices 
along  the  Uruguay  River.  The  following  table  of  the  mileage  of 
Brazilian  railways  is  from  the  official  returns  for  December  31,  1887 : 


Kailways, 


In  opera- 
tion. 


State  lines 

General  Government,  guaranteed  lines 

Provincial  government  lines 

Provincial  government  guaranteed  lines. 
Companies  without  guarantee 


Miles. 
1,  248.  06 
1,  G02.  70 
58.90 
962.  24 
1,  337.  34 


Total 


5,  209  24 


Under  con- 


I  Surveyed. 


Miles. 
]55.  00 
118. 42 


301.32 
286.  44 


MiUs. 

1,  463.  82 

13.02 

93.  00 

475.  54 

184.  76 


861.18 


2,  230. 14 


Great  Western  of  Brazil  Railway.— Mr.  Rigby,  the  chief  en- 
gineer, stated  as  follows  iu  a  letter  dated  May  17,  1889 : 

A  short  time  since,  when  building  an  extension  of  this  line,  I  thought  of  introduc- 
ing steel  ties  as  even  the  best  native  hard  wood  only  lasts  in  this  climate  from  six  to 
seven  years.  I  got  some  samples  of  different  systems  sent  out,  but  all  ■were,  in  my 
opinion,  objectionable  either  from  complication  of  the  rail-fastenings  or  want  of 
sufficient  length  outside  the  rail  to  give  stability  in  the  very  soft  sand  ballast 
which  is  all  we  can  obtain  here ;  and  then  the  price,  with  freight  and  duties,  put 
their  use  quite  out  of  the  question.  I  pay  here  50  cents  for  a  squared  tie,  7  feet  by 
9  inches  by  5  inches,  all  hard  wood,  delivered  on  the  line. 

Southern  Brazilian  Rio  Grande  do  Sul  Railway.— The  fol- 
lowing particulars  are  from  a  statement  furnished  in  December,  1889, 
by  the  consulting  engineer,  Mr.  Charles  Neate,  of  London  : 

The  line  has  curves  of  328  feet  to  6,560  feet  radius,  and  grades  from  ;{  per  cent,  to 
.025  per  cent.  About  .62  mile  of  metal  track  was  laid  between  1880  and  1884.  Mr. 
A.  Duprat  is  the  general  manager  and  Mr.  Baras  de  HoUeben  is  resident  engineer. 
The  engines  are  of  two  classes:  (1)  ten-wheel  engines  with  tenders,  with  six  coupled 
wheels  and  a  four-wheel  leading  truck  ;  2:Uons  total  weight  with  5,930  poundson  each 
driving-wheel ;  (2)  eight- wheel  engines,  with  tenders,  with  six  coupled  wheels  anda 
two-wheel  leading  truck;  23  tons  448  pounds  total  weight,  with  7,504  pounds  on  each 
driving-wheel.  The  ties  are  of  steel,  of  the  Indian  State  Railway  pattern,  for  1  meter 
gauge.  They  are  5  feet  6  inches  long,  8f  inches  wide,  with  closed  ends  4^  inches 
deep  ;  12  inches  wide,  If  inches  thick  on  top  :  the  weight  is  70  pounds  per  tie.  The 
rails  are  secured  by  lugs  and  keys.  The  ties  are  spaced  24  inches  apart,  center  to 
center,  at  joints,  and  3U  inches  apart,  intermediate.  There  are  5,000  ties  manufp^c- 
tured  by  the  Darlington  Steel  Company,  England  ;  they  are  given  a  coat  of  paint 
and  cost  about  $1  each.     The  rails  -are  of  flange  section,  weighing  40  pounds  per 


267 

yard  ;  the  joints  are  suspended,  and  are  fastened  by  splice  bars  and  four  bolts.  The 
ballast  is  of  coarse  sand,  and  occasionally  small  stone  ;  no  gravel  proper  is  to  be  had  ; 
it  is  about  13  inches  deep.  Wirh  wooden  ties  it  is  very  liable  to  be  washed  away  by 
the  tropical  rains,  but  there  is  no  sulficieut  experience  yet  with  the  hollow  metal 
ties.  The  steel  ties  were  tried  on  account  of  the  early  decay  of  native  hard- wood 
ties,  the  life  of  which  rarely  exceeds  five  years  iuthe  northern  provinces,  and  eight  to 
ten  years  in  the  southi^rn  provinces.  The  general  results  are  satisfactory,  so  far  as  is 
known,  especially  for  preserving  the  gauge  on  sharp  curves,  but  the  time  of  the  test 
has  not  been  long  enough  to  enable  any  definite  opinions  to  be  formed.  Careful 
maintenance  is  necessary,  but  there  is  little  trouble  with  the  rail  fastenings.  Native 
hard- wood  ties  cost  GO  to  72  cents  each,  delivered. 

Although  the  forests  of  Brazil  undoubtedly  furnish  hard  wood  of  the  finest  quality, 
ties  from  which  would  be  very  durable,  the  cost  of  obtaining  such  ties  for  the  wh(de 
line  would  be  almost  prohibitory  ;  whereas  with  metal  ties  uniformity  of  qualits' can 
be  obtained  at  a  moderate  cost,  and  it  is  expectt-d  that  the  steel  ties  Avill  prove  dura- 
ble. Cast-iron  bowl-ties  will  undoubtedly  last  well,  but  on  railways  of  1  metergauge, 
where  the  rolling-stock  is  necessarily  wide  in  proportion  to  the  gauge,  cross-ties  are 
found  to  give  more  lateral  stability  than  bowl-ties.  The  Indian  pattern  of  steel 
cross-ties  admits  of  a  certain  widening  of  gauge  round  curves,  if  necessary,  by  shift- 
ing the  keys  to  the  outer  side  of  the  rails,  or  by  the  use  of  special  keys. 

Co>'DE  d'Eu  Eail^ay. — The  following  particulars  are  from  a  state- 
ment furnished  in  December,  1889,  by  the  consulting  engineer,  Mr. 
Charles  Xeate,  of  Loudon.  (For  geueral  notes  see  the  preceding  para- 
graph on  the  Southern  Brazilian  Eio  Grande  do  Sul  Railway.) 

The  line  has  a  maximum  grade  of  2.22  per  cent.,  and  the  minimum  curves  of  328 
and  394  feet  radius.  There  are  about  20.46  miles  of  metal  track,  laid  between  1880 
and  1684,  under  the  suijervision  of  Mr.  I.  H.  P.  Dunsmure,  general  manager  and 
resident  engineer.  There  are  three  classes  of  locomotives:  (1)  new  tank  engines, 
four  coupled  wheels  aud  a  four-wheel  truck,  26  tons  weight  in  working  order,  with  a 
maximum  weight  of  4i-  tons  on  each  wheel ;  (2)  tank  engines,  with  four  coupled 
wheels  and  a  Bissel  or  pony  truck,  21  tons  in  working  order,  with  4  tons  on  each 
coupled  wheel ;  (3)  eight- wheel  engines  with  tenders,  four  coupled  wheels  and  a  four- 
wheel  truck,  21  tons  in  working  order,  with  3^  tons  on  each  coupled  wheel.  The  ties 
consist  of  a  pair  of  cast-iron  bowls  weighing  65  pounds  each ;  each  bowl  is  oval,  22^ 
inches  long,  18^  inches  wide,  4f  inches  deep,  with  a  metal  three-eighths  inch  and  one- 
half  inch  thick  on  the  sides  and  three-quarters  inch  on  top.  The  tie-bar  is  secured  by 
a  gib  on  the  inner  side  and  a  cotter  on  the  outer  side  of  each  bowl.  The  rails  are  of 
steel,  of  flange  section,  weighing  50  pounds  per  yard,  they  rest  on  two  wooden 
cushions  on  each  bowl;  the  inner  side  of  the  flange  is  held  by  a  lug,  and  on  the  outer 
side  an  elm  key  is  driven  between  the  web  of  the  rail  aud  a  high  lug  on  the  bowl. 
The  ties  are  spaced  3  feet  10  inches  apart.  The  bowls  are  manufactured  by  Head, 
Wrightson  &  Co.,  of  Stockton-on-Tees,  England,  and  cost  about  68  cents  each.  They 
were  used  by  the  contractors  owing  to  the  scarcity  of  native  timber. 

Donna  Thereza  Christina  "Railway.— The  following  particulars 
are  from  a  statement  by  Mr.  Charles  Xeate,  of  Loudon,  the  consulting 
engineer,  furnished  in  December,  1889.  (See  also  the  two  preceding 
railways.) 

The  line  has  minimum  curves  of  328  feet  to  392  feet,  and  maximum  grades  of  2. 22  to 
1.66  percent.  About  2.48  miles  were  laid  with  metal  track  between  1850  and  1884,  under 
the  supervision  of  Mr.  E.  J.  Brown,  general  manager  and  resident  eugineer.  The  en- 
gines are  eight-wheel  tank  engines,  with  six  coupled  .vheels  and  a  two-wheeled  lead- 
ing truck  with  radial  axle  boxes;  they  weigh  22  tons  in  working  order,  with  2^  tons 
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on  each  coupled  vrheel.  Two  patterns  of  cross-ties  have  been  used ;  in  the  first  in- 
stance, 1,000  steel  ties  maunfactnred  by  Howard  &  Company  (See  "England'*)  were 
sent  out,  and  subsequently  5,000  steel  ties  of  the  Indian  pattern,  as  already  described 
for  the  Southern  Brazilian  and  Rio  Grande  do  Sul  Railway.  The  "Howard  "ties 
were  5  feet  6  inches  loug,  10  iuches  wide  on  the  bottom,  and  3  inches  deep  with  metal 
three-sixteenths  of  an  inch  thick  :  they  weighed  40  pounds  each  and  cost  §1.20  each. 
The  spacing  weight,  maker,  and  cost  of  the  Indian  pattern  ties  are  as  already  de- 
scribed. The  rails  are  of  flanged  sectiou,  weighing  40  pounds  per  yard.  The  reasons 
for  trying  metal  ties  were  the  same  as  on  the  Southern  Brazilian  line. 

The  Howard  tie  was  not  of  the  heavy  type  for  main  lines;  a  corruga- 
tion or  rib  was  formed  along  the  top  of  the  tie,  and  pressed  down  at  the 
rail- seat  to  allow  the  flange  of  the  rail  to  rest  on  the  flat  portion  of  the 
top  of  the  tie ;  the  sides  of  the  rail-seat  formed  clips  for  the  rail  flanges, 
and  the  rails  were  secured  by  steel  keys  driven  between  one  clip  and 
the  rail  flange. 

Recife  axd  Sao  Feaxcisco  Peexa^ieuco  Eailwat.— Ties  of  iron 
and  native  hard  wood  are  used  on  this  line. 

Do3i  Pedro  Segi-^'do  Eailvtay. — On  this  line  (now  known  as  the 
Central  Eailway  of  Brazil,  since  the  change  of  government  from  an 
empire  to  a  republic)  some  wrought-iron  or  steel  cross-ties  of  inverted 
trough,  section,  similar  to  those  of  the  original  Vautherin  section,  were 
in  use  as  an  experiment  near  Kio,  in  1888,  and  were  there  noticed  by 
Mr.  Rigby,  of  the  Great  Western  of  Brazil  Railway. 

Sa^'  Paulo  Railway. — This  line  runs  from  Santos  to  Jundiahy, 
about  62  miles,  and  has  two  grades  of  2-h  per  cent.,  and  curves  of  984 
feet  radius.  The  traffic  is  chiefly  heavy  freight;  the  engines  weigh  44 
tons,  with  11  tons  per  axle.  Mr.  John  Barker  is  the  engineer.  The  ties 
used  are  of  the  old  form  of  Greaves's  cast-iron  bowls,  arranged  in  pairs 
and  connected  by  tie  bars.  The  bowls  are  22  inches  in  diameter,  with 
metal  one-half  inch  thick,  and  weigh  176  pounds  per  tie.  They  are 
coated  with.  tar.  They  are  spaced  2  feet  9  inches  apart  and  are  con. 
nected  by  tie  bars  2  inches  deep  by  three-eighths  inch  thick.  They  are 
roanufactured  in  England  and  cost  822.50  to  $24  per  ton.  Their  aver- 
age  life  is  twenty-five  years,  and  the  expense  of  maintenance  is  small. 
There  is  no  trouble  with  the  rail  attachments,  nor  from  breakages,  and 
the  efficiency  is  said  to  be  five  times  as  great  as  that  of  wooden  ties. 
The  rails  are  of  bull-headed  section  weighing  66  pounds  per  yard  and 
have  suspended  joints.  Metal  ties  were  adopted  on  account  of  the 
economy  resulting  from  their  use,  and  the  general  results  have  been  sat- 
isfactory. They  make  a  rigid  but  very  economical  track,  although  the 
first  cost  is  double  that  of  wooden  ties. 

MiNAS  AXD  Rio  Railway.— In  a  letter  dated  May  27, 1889,  Mr.  F. 
E.  Feun,  general  manager,  stated  that  there  were  no  metal  ties  then  in 
use,  but  that  an  experiment  was  about  to  be  made  with  steel  ties. 
Messrs.  Brunlees  &  McKerrow,  of  London,  the  consulting  engineers, 
report  that  these  ties  will  be  of  the  type  adopted  on  the  .Indian  State 
railways,  and  will  be  laid  for  a  lengrth  of  about  .62  mile. 
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summ:aiiy  of  metal  track  for  euazil. 


IlaUways. 

Bowls. 
Miles. 

Cross 
Mil 

ties. 

"■8. 

62 

Coiuli>  ilEu                                                       

20.46 

2.  48 
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^Experimental  trials. 


VENEZUELA. 


General  Remarks. — The  coutractors  wlio  built  the  Puerto  Ca- 
bello  aud  Valeucia  Kail  way  and  the  Bolivar  Eailway  (Messrs.  Perry, 
Outbill,  and  De  Luugo,  of  London),  and  who  have  had  large  experience 
in  railway'  construction  in  South  America,  state  that  their  general  im- 
pression is  that  track  constructed  with  iron  ties  is  more  expensive  to 
keep  in  order,  but  at  the  same  time  is  certainly  more  durable  than  track 
with  wooden  ties.  The  engineer  of  this  firm  considers  that  for  sharp 
curves  heavy  wooden  ties  are  the  best,  if  of  hard  and  durable  timber. 
Steel  he  considers  better  than,  creosoted  pine,  but  inferior  to  vera, 
jarrah,  and  similar  hard  woods.  His  opinions  as  to  the  comparative 
work  of  maintenance  with  track  on  metal  and  wooden  ties  differ  from 
those  usually  expressed.  Mr.  James  T.  McG-awrau,  resident  engineer 
for  railways  being  built  by  a  French  company,  stated  in  August,  1889, 
that  while  he  had  not  been  connected  with  any  railway  using  metal 
ties,  he  considered  that  they  would  prove  useful  where  timber  is 
scarce  (as  in  the  Argentine  Eepublic),  or  in  places  like  Venezuela,  pro- 
vided that  lignum-vitsB  and  one  or  two  similar  timbers  can  not  be 
obtained,  where  the  white  ant  (comahen)  will  make  short  work  of  any 
ordinary  wooden  tiCo  He  is  fortunate  in  being  able  to  get  a  wood  (cu- 
xarire)  which  lasts  from  twenty  to  thirty  years.  It  is  true  that  each  tie 
has  to  be  bored,  bat  as  the  system  of  track -laying  is  that  adopted  ex- 
tensively in  Europe,  the  rails  being  secured  by  screw-spikes,  this  makes 
no  difference,  as  the  holes  would  have  to  be  bored  in  any  case. 

Puerto  Cabello  and  Valencia  Railway.— On  this  road  (also 
known  as  the  Venezuela  Central  Railway),  which  is  34  miles  long,  steel 
cross-ties  are  used  on  an  incline  2^-  miles  long,  with  a  grade  of  8  per 
cent,  and  curves  of  500  feet  radius.  This  incline  is  operated  on  the 
Abt  rack-rail  system  5  the  rack-rail  being  carried  in  chairs  fastened  to 
the  ties.  The  traffic  consists  of  passengers  and  freight,  aud  the  trains 
are  hauled  by  locomotives  weighing  40  tons,  with  a  load  of  13  tons  per 
axle.  The  ballast  is  of  broken  stone.  The  rails  weigh  56  pounds  per 
jard.    Metal  ties  are  used  to  avoid  renewals,  and  the  general  results 
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have  been  satisfactory.  There  lias  been  no  trouble  with  the  rail  attach 
ments,  nor  from  breakages,  but  there  has  been  trouble  with  the  maiu- 
tenauce.  It  is  reported  that  the  track  with  woodeu  ties  is  more  easily 
kept  in  condition,  but  the  difference  is  not  very  great. 

Bolivar  Eailavay. — This  line  (known  also  as  the  Quebrada  Eail- 
way)  was  built  in  1875;  it  is  55  miles  along,  with  generally  very  easy 
grades  and  curves.  The  trafhc  is  heavy,  principally  mineral;  the  eu- 
gines  weigh  20  tons  and  have  a  load  of  7  tons  per  axle.  The  steel  cross- 
ties  originally  laid  are  reported  to  be  still  in  good  condition.  There  is 
no  proper  ballast.  The  rails  weigh  30  pounds  per  yard.  is"o  trouble 
has  been  experienced  from  breakages  or  with  the  rail  attachments. 
There  has,  however,  been  trouble  with  maintenance,  and  it  is  reported 
that  the  track  is  more  easily  kept  in  order  with  wooden  ties,  but  the 
difference  is  not  great.  The  line  is  of  24  inches  gauge.  The  ties  were 
made  by  Kerr  and  Stuart,  and  have  riveted  clips  which  support  the 
outer  side  of  the  rail  head  like  rail  braces.     (See  "  England.") 

La  Guayea  and  Caracas  Eail way.— This  line  is  23  miles  long. 
It  has  been  stated  that  cast-iron  bowls  are  used  for  ties ;  but  no  returns 
have  been  received,  no  reply  has  been  made  to  requests  for  informa- 
tion, and  no  reliable  or  delinite  information  on  this  point  has  been  ob- 
tained. As  Mr.  James  Livesey  is  the  consulting  engineer,  it  is  quite 
probable,  in  view  of  the  statement  above  referred  to,  that  the  Livesey 
system  of  track  with  cast-iron  bowls  is  employed.     (See  "  England.") 

Summary  for  Venezuela. 


Eailways. 


Bowls.      Cross-ties, 


i    Miles.     !      Miles. 

Pnerto  Cabello  and  Valencia ' 2.25 

Bolivar  \ 55.00 

La  Guayra  and  Caracas 23    

Total 23  57.25 


UNITED  STATES  OF  COLOMBIA. 

General  Eemarks.— Mr.  F.  J.  Cisueros,  an  engineer  who  is  con- 
nected with  the  Bolivar  Eailway  of  Colombia  and  a  number  of  other 
railways,  stated  in  May,  1888,  that  lie  was  an  advocate  of  metal  ties 
and  had  thought  of  employing  them,  but  so  far  he  had  no  experience 
with  them. 

Panama  Eailway. — Metal  ties  have  not  been  used,  as  hard  and 
long  lived  wooden  ties  are  available.  An  engineer  who  has  been  over 
the  road  remarked  that  in  such  a  climate,  and  with  the  class  of  hibor 
available,  there  would  probably  be  trouble  with  the  maintenance  and 
fastenings  of  metal  ties  for  the  first  few  years,  owing  to  the  indolent 
and  careless  nature  of  the  tra(;kmen.  It  may  be  remarked,  liowever, 
that  after  the  first  few  years  the  maintenance  is  generally  found  to  be 
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considerably  less  with  metal  ties  than  with  wooden  ties.    Mr.  W.  F. 
Dennis,  acting  general  snperintendent,  wrote  as  follows  in  June,  1889 : 

Oil  our  road,  47  miles,  we  have  never  bad  either  steel  or  iron  ties  under  our  track. 
Our  main  line  has  lignum-vitic  ties  about  6  by  8  inches  in  sections,  which  arc  sup- 
plied from  the  surrouudinj;  countries  at  a  cost  to  us  of  from  11.50  to  $1.80  gold  each. 
Those  ties  are  so  hard  as  to  necessitate  boring  holes  for  spikes,  but  after  the  prelim- 
inary difficulty  IS  overcome  they  make  an  extremely  solid  and  durable  track.  It  is 
difficult  to  get  exact  information  as  to  the  life  of  these  ties,  but  it  is  a  common  say- 
ing among  trackmen  that  these  ties  are  good  for  twenty-five  years,  and  there  are  in- 
stances where  ties  have  been  recently  taken  up  which  have  been  in  track  a  long 
time ;  it  is  even  claimed  that  they  have  been  in.  use  since  the  opening  of  the  road, 
nearly  thirty-five  years  ago.  Ordinary  timber,  such  as  pine  and  oak,  when  subjected 
to  exposure,  is  not  good  for  more  than  three  years  at  the  utmost. 


GUATEMALA. 

Guatemala  Central  Eailway.— Under  the  ownership  of  Mr.  C.  P. 
Huntington  it  had  been  proposed  to  try  metal  ties,  but  no  definite  steps 
were  taken,  and  the  road  having  now  passed  into  other  hands  it  is  not 
probable  that  any  such  steps  will  be  taken  in  the  near  future.  The  fol- 
lowing are  extracts  from  a  detailed  communication  from  Mr.  William 
Nanne,  general  manager,  dated  in  May,  1889: 

The  subject  to  which  you  are  applying  your  energies  certainly  deserves  the  atten- 
tion of  all  true  railroad  men,  not  only  on  the  coutinent  but  all  over  the  world,  be- 
cause it  is  only  a  question  of  time  everywhere  when  the  time-honored  wooden  sub- 
structure will  have  to  give  place  to  the  iron  age.  We  Central  American  railway  con- 
structors, in  tropical  jungles,  with  any  amount  of  hard  or  soft  wood  ties  presumably  at 
our  disposal,  make  a  poor  show  in  this  important  question  of  economical  construction 
and  operation,  and  nowhere,  perhaps,  has  the  adoption  of  metal  cross-ties  been  more 
seriously  considered  than  on  our  lines,  but  we  have  not  as  yet  arrived  at  the  practical 
application,  for  reasons  given  later.  For  these  reasons  I  have  held  back  from  the 
experiments  suggested  by  Mr.  Huntington  and  Mr.  Mahl.  We  are  using  about  half 
California  redwood  ties,  8  feet  by  8  inches  by  7  inches  and  7  feet  by  7  inches  by  6 
inches  ;  and  the  balance  native  hardwood  ties  6  feet  by  7  inches  by  6  inches,  and  6 
feet  by  8  inches  by  6  inches.  All  of  these  have  an  average  life  of  six  years  under  new 
track.  On  the  mountain  division  we  are  rising  on  our  present  location  2,600  feet  in 
12  miles,  with  curves  of  15  degrees  and  on  several  trestles  150  feet  high.  By  great 
care  we  have  operated  this  without  the  slightest  accident,  but  it  is  such  costly*  oper- 
ation that  we  are  now  lengthening  the  division  to  16  miles,  with  a  maximum  grade 
of3  percent.;  we  are  about  two-thirds  through  with  the  work.  In  preparing  for 
this  work  the  question  of  the  use  of  metal  track  was  seriously  considered,  and  Mr. 
Huntington  seemed  to  favor  the  use  of  steel  cross-ties.  But  much  as  I  appreciate 
the  '^Post"  system  (See  "  Holland")  as  the  best  so  far  brought  out,  I  have  objected 
to  even  an  experiment  on  our  crooked  line  and  heavy  grades,  which  in  many  places 
are  on  the  borders  of  tremendous  precipices.  In  none  of  the  metal  ties  do  I  see  how 
the  proper  widening  of  the  gauge  or  curves  is  to  be  carried  out,  and  this  is  the  main 
obstacle  I  see  to  our  adopting  metal  ties.  Another  consideration  is  that  the  cost  of 
transportation  of  material  to  our  Central  American  lines,  via  Cape  Horn,  comes  to 
about  200  per  cent,  on  the  original  invoice,  with  heavy  landing  expenses  of  $10  to 
$20  per  ton  at  our  Pacific  terminal  station  ;  bringing  the  cost  of  a  Post  steei  tie, 
placed  on  our  line,  to  about  $3  to  $4  silver  (35  per  cent,  discount  on  United  States 
gold).  You  will  agree  with  me,  as  our  board  has  agreed  already,  that  under  these 
circumstances,  when  we  can  get  good  wooden  ties  for  about  $1  silver  per  tie  (or  say 
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75  cents  Uuited  States  gold),  lasting  six  years  on  an  average,  we  are  not  yet  up  to  the 
metal  track  question.  Nevertheless  the  question  is  watched  very  closely  by  me  and 
I  am  always  open  to  conviction  if  I  can  see  my  way  clear.  So  far  I  shall  stick  to  the 
time-honored  wooden  ties  for  elasticity  and  safety  generally. 

The  road  is  75  miles  long,  with  maximum  grades  of  3  per  eeiit.  and 
minimum  curves  of  15  degrees.  The  ties  are  spaced  24  inches  ai)art, 
center  to  center,  and  are  laid  in  broken  stone  and  blue  gravel  ballast. 
The  rails  are  of  steel,  weighing  54  pounds  per  yard  ;  the  joints  are  even 
and  suspended,  spliced  by  angle  bars  20  inches  long.  Ajax  steel  braces 
are  used  on  curves.  The  engines  weigh  45  tons.  Mr.  Albert  J.  Scher- 
zer  is  the  engineer  in  charge.  In  regard  to  the  question  of  adjustment 
of  gauge  I  have  already  referred  to  the  importance  of  this  matter,  and 
it  will  be  seen  that  a  wide  range  of  adjustment  combined  with  very 
secure  fastenings  is  required  on  such  a  crooked  road.  Probably  the 
Ruppel  system  of  fastening,  as  used  in  the  Prussian  state  railways  (See 
*'  Germany")  would  meet  the  requirements. 


COSTA  RICA. 

General  Remarks. — Mr.  Manne,  of  the  Guatemala  Central  Rail- 
way, states  that  he  believes  that  steel  lies  are  being  used  on  these  lines. 
Over  100  miles  of  railway  are  in  operation,  and  several  lines  are  under 
construction. 

SAN  SAI.TADOR. 

General  Remarks. — It  has  been  reported  that  it  is  proposed  to  use 
steel  ties  of  American  design  and  manufacture  on  a  new  railway  to  be 
built. 

MEXICO. 

General  Remarks. — Metal  ties  have  been  tried  and  have  given 
such  good  results  that  their  use  is  being  extended. 

Mexican  Railway. — The  Mexican  Railway  (Vera  Cruz  line)  has  now 
in  service  several  miles  of  track  laid  with  steel  ties  of  the  type  designed 
by  Sir  A.  M.  Rendel,  and  adopted  for  the  Indian  state  railways.  The 
length  of  the  main  line  is  265  miles.  At  the  end  of  June,  1888,  there 
were  46J  miles  laid  with  steel-ties,  and  at  the  end  of  June,  1889,  there 
were  77  miles  laid  with  the  qj.  While  they  have  not  been  in  service  long 
enough  to  test  their  durability  they  have  given  great  satisfaction,  par- 
ticularly by  their  behavior  in  times  of  flood.  In  regard  to  breakages, 
I  am  credibly  informed  that  in  one  case  a  Baldwin  consolidation  engine 
left  the  rails  and  traveled  about  100  yards  over  the  ties  without  break- 
ing a  single  one ;  some  were  bent,  but  w^ere  easily  put  into  shape  at  the 
shops.  The  line  has  grades  of  2  per  cent.  The  locomotives  are  Fairlie 
(double-boiler,  double  steam-truck)  engines,  weighing  80  tons,  and  Bald- 
'Win  consolidation  engines.     The  ties  are  made  in  Wales,  w^eigh  112 
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pounds  each,  are  treated  with  a  coal-tar  preservative  composition,  and 
are  spaced  in  tlie  track  2,000  to  the  mile.  The  rails  are  of  flange  sec- 
tion, weigh  G2  and  82  i)ounds  per  yard,  and  are  secured  by  steel  keys, 
as  on  the  Indian  state  railways.  The  joints  are  supported  on  the  ties, 
and  are  spliced  by  ordinary  lish-plates.  The  general  results  have  been 
satisfactory,  the  efficiency  being  much  higher  than  with  wooden  ties ; 
there  has  been  no  trouble  with  maintenance  of  rail  attachments  nor 
from  breakages.  In  August,  1889,  proposals  were  opened  at  the  Lon- 
don office  of  the  company  for  10,000  of  these  ties,  to  be  used  with  62- 
pound  rails.  Mr.  J.  F.  O'Brien,  general  manager  of  the  Mexican  National 
Railway  (since  resigned),  stated  in  August,  1889,  that  no  experiments 
had  been  made  on  his  road,  but  that  on  the  Mexican  Railway  the  results 
of  the  steel-ties  seem  so  very  satisfactory  that  it  has  been  decided  to 
substitute  them  for  wood  entirely.  He  has  been  over  the  line  several 
times,  and  states  that  the  track  on  metal  ties  seems  to  be  very  smooth 
and  perfect,  even  in  the  lainy  season,  and  he  sees  no  reason  why  they 
should  not  be  a  success  after  the  experience  of  this  railway.  There  is 
said  to  be  even  less  noise  and  greater  smoothness  in  riding  over  the 
track  with  steel  ties  than  the  track  with  wooden  ties. 

The  following  is  taken  from  a  paper  on  ''The  Railways  of  Mexico," 
by  Mr.  W.  B.  Parsons,  read  at  the  annual  convention  of  the  American 
Society  of  Civil  Engineers  in  June,  1889  : 

The  most  interesting  thing  in  connection  with  the  track  is  the  use  of  metal  cross- 
ties.  AYooden  ties,  expensive  in  first  cost,  -svere  found  to  last  only  four  or  five  years, 
so  that  metal  was  adopted  for  economy.  The  ties  are  of  mild  steel;  and  weigh  110 
pounds  each.  The  rail  is  held  by  clamps  punched  up  from  the  tie,  and  is  secured  by 
a  key  weighing  1  pound  ;  so  that  a  tie  and  two  keys  weigh  about  112  pounds.  In 
section  they  are  channel-shaped,  with  an  extra  thicl^ness  of  metal  on  the  top.  The 
ends  are  splayed  and  turned  down  so  as  to  retain  the  ballast,  while  the  tie  is  bent  up- 
wards toward  the  ends  so  as  to  give  the  rails  an  inwardcant.  Their  price  varies  with 
the  price  of  steel,  but  is  now  about  5  shillings  (English),  or  say  $1.25  per  tie,  free 
on  board,  at  English  ports.  The  ballast  is  of  sand  and  gravel,  and  in  places  on 
the  heavy  grade  an  attempt  at  broken  stone  is  found.  The  ballast  is  laid  flush  with 
the  top  of  the  tie.  The  results  of  experience  have  been  most  gratifying.  The  track 
is  found  to  remain  in  better  surface  and  line  than  when  wooden  ties  are  used,  and 
certainly  the  track  in  best  condition  to-day  is  that  portion  where  metal  ties  are  laid. 
Practically  it  has  been  found  that  the  track  thus  laid  requires  so  much  less  work  that 
section  gangs  on  metal  tie  sections  have  been  reduced  about  one-half.  The  Mexican 
Railway  is  therefore  laying  the  steel  ties  as  fast  as  possible,  there  being  enough  on 
hand  to  finish  about  1.50  miles  of  road. 

The  following  is  the  statement  of  Mr.  George  Foot,  the  general  man- 
ager, furnished  in  1887  : 

Our  experience  with  these  ties,  of  which  some  30,000  have  been  in  the  line  since 
September,  1884,  is  so  satisfactory  in  every  respect,  that  we  arenow  about  to  lay  down 
40,000  more,  and  our  intention  is  to  gradually  relay  the  entire  line  with  metallic 
sleepers.  The  type  of  tie  we  are  about  to  lay  down  is  about  the  same  as  that  employed 
on  the  State  Railways  of  India  for  both  the  5  feet  6  inches  and  1  meter  gauges, 
but  arranged  for  our  gaug«^,  which  is  4  feet  8^  inches.  The  price  of  the  new  ties  under 
contract  in  England  is  4s.  4d.  ($1.05)  each,  including  steel  keys,  free  on  board  in 
Cardiff,  and  their  weight  with  keys  112  pounds  each.  The  metallic  ties  in  use  here 
22893— Bull.  4 18 
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for  the  last  two  years  are  almost  of  the  same  pattern,  excepting  the  fastenings,  ^hich 
are  much  more  complicated  and  expensive.  The  tie  represents  the  latest  improve- 
ments in  steel  sleepers  suggested  by  experience  on  railways  in  India,  where  millions 
of  them  are  employed,  and  I  think  that  the  tie  in  question  leaves  little  to  be  desired 
either  in  general  form,  simplicity  of  fastenings,  Aveights,  or  price.  The  metal  is 
thickened  where  strength  is  most  required,  and  the  rail  clips  are  formed  from  the 
solid  plate,  the  rail  being  kept  in  place  by  a  simple  steel  key  which  can  be  driven 
either  on  the  inside  or  outside  of  the  rail  when  increased  width  of  gauge  is  required 
on  sharp  curves.  So  far  we  have  no  disadvantage  to  record,  but  many  and  very  im- 
portant advantages,  which  are  as  follows  : 

(1)  No  spikes  are  required. 

(2)  The  rails  are  kept  to  gaug*e  with  almost  mathematical  accuracy  and  the  result 
is  that  the  oscillation  of  a  train  running  at  high  speed  over  this  track  is  reduced  to  a 
minimum,  and  is  very  marked  when  it  runs  on  to  a  length  laid  with  ordinary  timber 
sleepers. 

(3)  The  difference  in  the  cost  of  maintenance  is  enormous,  because  a  track  once 
properly  laid  with  these  steel  ties  and  well  ballasted  requires  no  permanent  road 
gangs  and  can  be  maintained  in  good  order  by  a  traveling  gang  going  over  it  once 
or  twice  a  year. 

This  is  our  experience  here,  but  it  must  be  remembered  that  on  this  railway  we 
have  no  frost  or  snow  to  contend  with  and  very  light  traffic.  lu  the  United  States 
these  conditions  would  of  course  be  altered,  but  I  see  no  good  reason  why  these  ties 
should  not  bear  frost  well;  they  are  extensively  used  iu  Germany,  and  I  am  not 
aware  that  frost  has  proved  an  objection  to  their  use.  From  personal  experience  I  can 
not  say  how  metallic  ties  behave  iu  cases  where  trains  run  off  the  line,  as  we  very 
seldom  on  this  line  have  such  accidents,  and  have  had  none  on  the  portions  of  track 
laid  with  them.  In  India  the  experience  is  that  in  a  bad  run-off  a  great  number  of 
ties  are  bent  and  injured,  but  that  very  few  are  so  badly  damaged  as  to  be  past  re- 
pairs, and  that,  as  a  general  rule,  they  are  repaired  in  the  shops  and  replaced  in  the 
line.  I  must  add,  however,  that  metal  sleepers  require  a  very  solid  and  perfect  road- 
bed, and  a  much  larger  quantity  of  ballast  than  timber  ties.  The  Mexican  Railway  is 
laid  throughout  with  62-pound  steel  rails,  except  on  the  Cumber  4  per  cent,  incline, 
where  we  are  now  laying  down  82-pound  rails.  Our  metal  ties  are  laid  under  the  02- 
pound  rails,  the  number  being  2,000  per  mile,  but  we  find  that  this  number  is  not 
necessary,  and  in  future  we  propose  to  lay  only  1,850  per  mile.  I  may  say  in  con- 
clusion, that  in  my  opinion  the  steel  tie  is  the  tie  of  the  future,  and  that  our  experi- 
ence here  points  with  their  use  to  substantial  economies  iu  repairs  and  maintenance 
and  at  the  same  time  to  a  very  perfect  track. 

The  following  notes  are  from  The  Mexican  Financier.  The  first  one 
refers  to  the  serious  and  disastrous  floods  of  1887  : 

The  management  of  the  Mexican  Railway  has  reason  to  congratulate  itself  on  the 
success  which  has  attended  the  introduction  of  steel  ties  ou  its  line.  The  recent 
washout,  caused  bj'^the  bursting  of  a  water-spout  on  the  track,  afforded  a  test  of  the 
utility  of  metal  ties  than  which  nothing  could  have  been  more  satisfactory.  On  the 
section  where  the  spout  burst  there  were  both  wooden  and  metal  ties.  The  wooden 
ties  were  completely  washed  away  and  the  track  badly  torn  up,  but  on  that  portion 
having  the  steel  ties  the  bursting  spout  was  unable  to  do  any  harm  to  the  track,  the 
ties  retaining  their  place  and  the  line  of  rails  remaining  at  their  original  level.  Gen- 
eral Manager  Foot,  who  made  a  personal  inspection  of  the  washed  track,  could  not 
find  that  the  section  having  the  metal  ties  had  been  sensibly  damaged;  only  the 
gravel  between  the  ties  had  been  carried  away,  leaving  them  iu  their  original  place 
and  preserving  as  has  been  said,  the  level  of  the  track  just  as  it  was  before  tous  of 
water  had  swept  down  upon  it.  The  bursting  spout  carried  much  debris  on  the  track 
and  loaded  an  iron  bridge  with  bowlders,  some  weighing  fully  6  tons,  in  fact  so 
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heavy  that  they  had  to  bo  blasted  to  accomplish  their  removal,  and  this  fact  will  in- 
dicate the  tremeiulous  force  of  the  waters  and  demonstrate  convincingly  the  merits  of 
the  Rondel  steel  ties  which  kept  the  submerged  track  in  such  good  order. 

The  road  began  using  steel  ties  in  1884,  and  has  now  some 20,000  of  them  on  its  bed. 
So  satisfactory  lias  the  experiment  been  that  40,000  more  have  been  ordered  from 
England  for  use  this  year,  and  it  is  proposed  to  put  in  from  40,000  to  50,000  per  year 
hereafter.  The  "life"  of  a  steel  tie  is  considered  as  indeiiuite,  but  it  may  safely  be 
set  at  from  thirty  to  fifty  years,  the  former  being  an  American  estimate  by  a  compe- 
tent metallurgist.  The  steel  tie  is  now  produced  in  England  where  the  mannfact- 
urehas  been  so  extended  as  to  make  the  product  for  5s.  apiece,  or  $1.25  gold,  or  very 
much  cheaper  than  formerly.  By  chartering  its  own  vessels  the  company  can  land 
its  steel  ties  at  a  cost  which  permits  their  extensive  use.  It  may  be  set  down  that 
the  outside  cost  will  not  exceed  $2  each,  Mexican  silver.  The  wooden  ties  which  the 
steel  ties  are  replacing  on  the  Vera  Cruz  line  range  in  price,  according  to  the  quality 
of  wood,  from  90  cents  to  ^1.62,  silver.  The  latter  price  is  paid  for  the  zapote  tie,  a 
very  hard  and  durable  wood.  The  best  white-oak  ties  last  from  five  to  six  years,  the 
red  oak  about  three  years.— (1889). 

The  policy  of  the  management  has,  for  a  long  time  past,  been  directed  toward 
making  the  road-bed  exceptionally  solid,  and  a  large  amount  of  money  has  been  in- 
vested in  steel  ties  which  have  proven  well  suited  to  the  requirements  of  the  line, 
known  to  be  one  of  the  most  difficult  of  maintenance  in  the  world,  on  account  of  its 
tremendous  gradients.  The  good  results  of  this  wise  building  up  of  the  line  will  be 
seen  when  the  competition  of  the  Interoceanic  Railway  begins,  for  then  it  will  be 
made  evident  that,  by  having  got  its  road-bed  into  a  condition  where  it  can  be  kept 
in  repair  at  a  comparatively  small  expense,  the  line  can  sustain  a  sharp  rivalry. — 
(1889). 

Mexican  Central  Eailway.— In  February,  1888,  Mr.  Max  E. 
Schmidt,  then  chief  engineer  of  the  Tampico  division,  wrote  me  as 
follows : 

We  have  not  yet  used  metal  cross-ties  on  this  line,  but  are  considering  the  advisa- 
bility of  introducing  them  on  our  mountain  division.  In  that  case  we  will  probably 
adopt  the  steel  tie  of  the  Indian  State  Railways  lately  introduced  on  the  Vera  Cruz 
Railway.  This  tie  has  the  advantage  of  a  most  simple  mode  of  fastening  the  rail  to 
the  tie,  the  rail  being  placed  between  two  clips  turned  up  from  the  bearing  surface 
of  the  tie  itself,  only  one  wedge  being  required  to  hold  each  rail  in  place.  Steel  ties 
have  two  main  advantages:  (1)  They  last  much  longer  than  wooden  ties;  (2)  they 
keep  the  track  in  perfect  gauge.  The  question  not  yet  settled  is  the  kind  of  ballast 
which  will  keep  the  tie  immovable  in  place. 


SUMMAEY  OF  METAL  TEACK  FOR  SECTION  5. 

Countries. 

Bowls. 

Cross-ties. 

Total. 

A raentine  Republic 

Chill    

Miles. 
3, 350. 15 

Miles. 

193.41 

1.00 

3.72 

57.25 

Miles. 
3,  543.  56 
1.00 

Brazil   

82.46 
23.00 

86  18 

80.25 

Costa  Rica  (probably  experimental) 

Mexico 

77.00 

77  00 

Total  

3,  455.  61 

332. 38 

3,  787.  99 

Section  6.— NORTH  AMERICA. 

UXITED  STATES. 

General  Ee^iarks. — In  this  coimtry  very  little  practical  attentiou 
has  been  paid  by  railwaj^  men  to  the  use  of  metal  track  until  within 
the  last  few  years.  The  indifterence  displayed  has  been  largely  due  to 
the  increased  first  cost  for  metal  and  the  apparently  inexhaustible  sup- 
ply of  timber.  But  with  the  steady  improvement  in  the  tracks  of  the 
principal  lines  and  with  the  knowledge,  as  disseminated  by  the  For- 
estry Division,  of  the  actual  condition  of  the  timber  resources  there  is 
a  noticeable  increase  in  the  attention  paid  to  this  matter,  and  this  will 
probably  continue  to  increase.  The  metal  track  question,  however,  has 
been  extensively  considered  by  inventors,  and  much  time,  energy,  and 
money  have  been  spent  in  demonstrating,  on  paper,  the  positive  effi- 
ciency of  numerous  new  designs  of  track.  The  list  of  patents  given 
with  my  preliminary  report,  in  Bulletin  Xo.  3,  was  surprisingly  large, 
showing  a  total  number  of  about  two  hundred  and  sixty  patents  from 
1839  to  1889.*  Very  few  of  these  patented  tracks  have  been  designed 
by  railway  men  or  men  experienced  in  railway  work,  and  the  number 
of  those  which  have  practical  merit  is  very  small.  JMany  of  them  are 
utterly  impracticable,  complicated,  and  costl}',  while  others  are  carried 
to  the  opposite  extreme  of  simplicity,  with  the  result  of  sacrificing 
such  efficiency  as  they  might  otherwise  possess.  The  natural  result  of 
all  this,  combined  with  the  large  claims  made  from  time  to  time  in  be- 
half of  some  of  these  impracticable  systems,  has  been  to  render  engi- 
neers, managers,  and  railway  men  generally'  somewhat  doubtful  as  to 
the  final  solution  of  the  metal  track  question.  While  some  of  the  sys- 
tems tried  in  actual  service  have  not  yet  proved  entirely  satisfactory, 
it  should  be  thoroughly  understsood  that  no  such  system  can  be  ex- 
pected to  give  satisfactory  results  until  it  has  been  tested  by  trial  and 
modified  in  accordance  with  ex[)orience  obtained.  Practical  trial  alone 
can  show  the  actual  results  of  any  system  of  metal  track. 

The  following  remarks  are  taken  from  the  report  for  1888  of  the  rail- 
way commissioners  of  Connecticut: 

"We  have  in  former  reports  mentioned  tlio  experiments  made  in  tlie  nse  of  metal  ties, 
and  \A  e  refer  to  the  snbject  now  not  as  one  reciuiring  legislative  action,  but  simply  as 
a  iiial  tcr  of  practical  and  scientific  interest.  The  supply  of  wood  has  so  far  continu»'<l 
80  nbundant  in  this  country  that  the  first  cost  of  ties  has  not  very  materially  in- 
creased, but  the  average  life  of  a  tie  has  considerably  decreased,  both  because  of  in- 
ferior quality  and  greater  wear  upon  them.     We  are  not  aware  that  experiments  with 


*  The  list  of  patents  appended  to  this  report  contains  491  numbers. 
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metal  ties  of  any  account  Lave  been  made  in  this  coilntty,  l)nt  on  the  continent  of 
Euiope,  where  experiments  began  nearly  twenty-live  years  ago,  their  use  may  be  said 
to  have  passed  the  experimental  stage,  some  companies  having  practically  adopted  this 
kiml  of  tie  and  using  them  in  all  renewals.  The  most  thorough  experiments  were  made 
on  the  Netherlands  State  Railway,  and  the  adoption  there  has  been  the  most  complete, 
hi  Eiiiiland,  though  used  to  some  extent,  they  have  not  been  at  all  generally  adopted, 
as  they  do  not  seem  to  be  well  adapted  to  the  double-headed  rail  so  much  used  in 
in  that  country.  The  material  found  to  be  best  adapted  for  this  use  is  steel  of  a  mild 
type,  and  the  advantages  claimed,  apparently  with  reason,  are  such  as  to  make  it 
worth  while  for  the  managers  of  our  principal  roads  to  consider  whether  the  adop- 
tion of  this  kind  of  tie  would  not  bo  advantageous,  even  at  the  present  price  of  wooden, 
ties.  The  crowding  outward  of  the  spikes  in  wooden  ties  and  the  cutting  of  the 
spikes  by  the  rail  flanges  on  sharp  curves  constantly  affects  the  gauge,  and  the  cut- 
ting of  the  outer  flange  into  the  tie  often  seriously  changes  the  position  of  the  rail  on. 
wooden  ties  and  requires  constant  watchfulness  and  respiking  and  readzing  of  old 
ties  and  the  substitution  of  new  ones.  As  traffic  increases  the  loss  of  time  thus  oc- 
casioned in  itself  becomes  a  very  serious  item  of  expense.  This  is  avoided  by  the 
use  of  metal  ties,  as  the  bolts  do  not  cut  like  the  spikes  and  the  bolt-holes  do  not  en- 
large, neither  do  the  ties  wear  or  cut  under  the  rail  flange;  so  that  the  expense  of 
maintenance  is  very  much  lessened,  and  instead  of  increasing  as  the  road-bed  gets  set- 
tled it  is  said  to  decrease.  The  most  approved  form  for  the  tie  is  like  an  inverted 
trough,  and  when  the  ends  are  closed  there  is  very  little  lateral  displacement  of  track, 
even  on  the  sharpest  curves.  The  first  cost  of  metal  ties  and  their  fastenings  is,  of 
course,  very  much  more  than  that  of  wooden  ties  and  spikes,  but  their  durability  in 
itself,  it  is  believed,  far  more  than  compensates  for  the  additional  cost. 

iS^Ew  York  Central  and  Hudson  Eiyer  Railway  (See  plate 
Xo.  27). — The  chief  engineer  of  tbis  road,  Mr.  Walter  Katte,  having 
recognized  the  importance  of  the  metal  track  question  to  the  great 
trunk  lines  of  railway,  became  desirous  of  obtaining  some  reliable  data 
based  upon  experiments  made  under  his  own  supervision.  The  company 
authorized  an  expenditure  of  $2,500  for  the  purpose  of  procuring  such 
ties  and  testing  them  upon  its  own  track.  Various  forms  of  ties  used 
in  foreign  countries  were  examined,  none  of  which,  however,  were  con- 
sidered to  meet  entirely  and  satisfactorily  the  conditions  of  American 
railway  practice.  The  ''  Hartford"  tie,  with  certain  modifications  to  be 
made  at  his  suggestion,  seemed  to  Mr.  Katte  the  best  suited  of  any  he 
had  examined,  and  as  it  could  be  made  in  this  country  under  his  own 
observation  as  to  manufacture,  test  of  material,  etc.,  he  concluded  it 
was  the  best  one  he  could  get,  at  least  to  start  with,  in  investigating 
practically  the  question  of  metal  ties.  It  is  intended  to  conduct  a  close 
investigation  of  the  comparative  cost  of  maintenance,  expenditures,  re- 
newals, etc.,  as  compared  with  ordinary  wooden  ties.  About  eight  hun- 
dred of  the  steel  ties  were  purchased  and  were  laid  in  double  track  on 
the  main  line.  The  company^s  standard  system  of  track  is  used,  con- 
sisting of  good  broken-stone  ballast,  with  80-pound  flange  rails,  three- 
tie  supported  joints,  and  six- bolt  angle-bar  splices  40  inches  long.  The 
rails  are  laid  to  break  joint.  As  stated  in  my  preliminary  report  (Bul- 
letin No.  3),  it  was  expected  to  have  these  ties  laid  in  April,  1889 ;  owing 
to  delays  in  manufacture,  etc.,  they  were  not  put  in  the  track  until 
November,  1889.      They  are  laid  for  about  a  quarter  of  a  mile  on  the 
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main  line,  just  south  of  Garrison's  Station,  Hudson  Kiver  division. 
The}"  are  of  two  lengths,  8  feet  and  8  feet  6  inches.  They  were  at  first 
laid  in  gravel  ballast  of  mediocre  quality,  but  this  has  been  replaced 
with  broken  stone,  in  accordance  with  the  company's  approved  form  of 
track.  Tlie  flanges  of  the  angle-bars  are  notched  to  allow  the  clami)s 
to  bear  on  the  rail  flanges. 

The  following  particulars  are  from  a  statement  and  drawings  fur- 
nished in  January,  1890,  by  Mr.  Katte : 

The  ties  were  laid  ia  November,  1889,  on  an  experimental  section  of  double  track 
about  a  quarter  of  a  mile  long.  The  section  is  level  and  straight.  The  line  has  the 
heaviest  kind  of  freight  and  passenger  trafific.  Passenger  eugines,  with  a  weight  of 
36  tons,  on  four  driving-wheels  and  a  driving-wheel  base  of  6  feet,  pass  over  these  ties 
at  speeds  of  40  to  55  miles  per  hour.  The  ties  have  not  been  in  use  long  enough  for 
the  expense  of  maintenance  to  be  determined.  Apparently,  however,  it  is  thus  far 
no  greater  than  with  wooden  ties.  The  arrangement  for  curves  is  the  same  as  for 
tangents,  any  adjustment  of  gauge  being  effected  by  the  fastenings.  The  rails 
weigh  80  pounds  per  yard  and  have  supported  joints.  The  reason  for  using  these 
ties  was  the  desire  to  secure  economy  over  wooden  ties  and  to  obtain  a  superior  at- 
tachment of  the  rails  to  the  ties.  The  results  have  so  far  been  quite  satisfactory. 
There  has  been  no  trouble  with  maintenance  nor  with  the  rail-fastenings.  No  break- 
ages have  occurred.  The  attachment  of  the  rails  to  the  ties  is  much  superior  to  the 
ordinarysystem  of  spiking.  The  wooden  ties  are  of  Southern  yellow  pine.  They 
cost  55  cents  each,  delivered  in  New  York,  and  have  a  life  of  from  seven  to  ten  years. 
The  climate  is  variable,  humid,  with  extremes  of  temperature.  There  is  no  record 
of  the  effects  of  the  same  on  metal  or  wood. 

I  am  of  opinion  that  the  rolled  metal  tie  is  essentially  a  requisite  for  first-class  per- 
manent way  in  this  country.  Having  investigated  the  relative  economy  of  metal 
and  wooden  tie  systems  for  a  term  of  fifty  years,  I  am  led  to  believe  as  the  result 
thereof  that  upon  the  basis  of  55  cents  for  a  wooden  tie  and  §3  for  a  steel  tie,  and 
under  the  conditions  of  traffic  and  maintenance  expense  existing  on  this  line  the 
relative  economy  is  from  8  to  12  per  cent,  in  favor  of  the  metal  system.  The  general 
advantages  which  I  recognize  in  the  metal  system  are:  (1)  Superior  and  more  ef- 
fective fastening  of  rail  to  tie.  (2)  Better  hold  of  metal  cross-tie  with  curved  ends 
in  the  road-bed  ballast,  thereby  preserving  alignment  both  in  straight  line  and  curves 
much  more  effectively  than  with  wooden  ties.  (3)  Increased  and  effective  resist- 
ance to  tangential  i^ressure  on  curves,  with  overturning  tendency,  and  resistance  to 
creeping  of  rails,  especially  on  steep  grades.  (4)  The  clip  and  bolt  fastening  to 
the  tie  avoids  the  necessity  of  double-spiking  the  rail  braces  on  curves.  (5)  Immu- 
nity from  destruction  of  wooden  ties  by  fire  from  coals  dropped  from  locomotives 
and  other  causes.  (6)  The  greater  commercial  value  of  the  scrap  material  when 
worn  out. 

The  ballast  is  about  24  inches  deep  j  it  consists  of  a  G-inch  bottom 
course  of  rough  quarry  spawls,  4  to  6  inches  diameter,  and  an  18-inch 
nppercourse  of  crushed  rock  2  inches  diameter.  The  ballast  is  brought  up 
level  with  the  tops  of  the  ties.  From  the  center  of  the  rail  to  the  outer 
edge  of  the  ballast  is  about  6  feet  6  inches.  The  drawings  show  the 
rail  joints  spliced  with  plain  splice-bars  22  inches  long,  with  four  bolts. 
Angle-bars  are  actually  used,  as  already  stated.  Four  arrangements  of 
spacing  of  the  ties  are  being  tried  ;  the  rails  are  laid  to  break  joint  in 
all  cases,  with  supported  joints  :  (1)  Thirteen  lengths  of  30feet  rails, 
with  twelve  ties  to  a  rail  length  -,  the  three-joint  ties  are  spaced  18  inches, 
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ceuter  to  center,  and  the  intermediate  ties  3  feet.  (2)  Fourteen  lengtlis 
of  30-feet  rails,  with  twelve  ties  to  a  rail  length  ;  unitbrni  spacing  of  30 
inches  center  to  center,  (3)  Fourteen  lengths  of  30  feet  rails  with 
fourteen  ties  to  a  rail  length;  the  three  joint  ties  are  spaced  18  inches, 
ceuter  to  ceuter,  and  the  intermediate  ties  2  feet  4|{!  inches.  (4)  Four- 
teen lengths  of  30  feet  rails,  with  fourteen  ties  to  a  rail  length  ;  uniform 
spacing  of  2  feet  1 J-^  inches,  center  to  center.  The  close  spacing  of  the 
ties  at  the  rail  joiuts  is  considered  necessary  for  the  existing  severe 
conditions  of  traffic. 

The  cast-iron  bowls  designed  in  1885  by  Mr.  John  M.  Toucey,  general 
superintendent  of  the  road,  were  intended  for  yard  service  and  are  still 
in  use  at  the  Grand  Central  statiou,  New  York  City.  (Description  of 
the  Hartford  and  Toucey  ties  will  be  found  a  few  pages  further  on.) 

Chicago  and  Westekn  Indiana  Railway  (See  plate  No.  28). — 
About  1,000  feet  of  track  near  Chicago,  111.,  have  been  laid  with  the 
^'  Standard"  steel  tie  for  experimental  purposes,  and  up  to  the  end  of 
1889  they  had  been  in  service  about  three  months.  It  was  then  re- 
ported that  they  appeared  to  be  satisfactory,  but  that  it  was  too  soon 
to  express  a  decided  opinion  in  regard  to  them.  The  traffic  is  about 
eighty  trains  per  day ;  all  in  one  direction.  The  locomotives  weigh 
96,000  pounds,  and  have  a  weight  of  15,000  pounds  on  the  driving, 
wheels.  The  track  is  as  firm  as  could  be  expected  for  the  open  winter 
that  has  been  experienced.  It  makes  very  easy  riding  and  causes  very 
little  noise.  The  ballast  is  of  light  gravel.  The  ties  are  spaced  23J 
inches  apart,  center  to  center.  They  are  7  feet  long  and  3  inches  deep  ; 
joint  ties,  10  inches  wide  j  intermediate  ties,  7  inches  wide.  There  had 
been  no  trouble  with  the  rail  fastenings,  but  a  little  rust  had  been  no- 
ticed where  the  bolts  come  in  contact  with  the  clamp.  The  rail  joints 
are  square  (or  opposite),  and  are  supported  ;  they  are  spliced  with  plain 
splice-bars  weighing  18J  pounds  per  pair  ;  angle-bars  could  not  be  used 
as  the  flange  would  interfere  with  the  rail  clamp.  The  company  which 
is  introducing  this  tie  claims  that  the  clamp  fastening  will  obviate  the 
necessity  for  the  use  of  splice  bars  and  bolts,  the  clamps  holding  the 
rails  firmly  by  the  flange.  Many  railway  men,  however,  consider  that 
it  is  not  sufficient  to  hold  the  rail  by  its  base.  In  view  of  the  fact  that 
rails  are  not  always  vertical  in  the  web,  and  are  liable  to  bend,  especi- 
ally under  heavy  traffic,  it  may  be  found  inadvisable  to  dispense  gen- 
erally with  the  use  of  splice-bars,  which  serve  to  keep  the  rail  ends  in 
line.  Particulars  of  the  "  Standard"  tie  will  be  found  a  few  pages  fur- 
ther on. 

The  following  is  a  letter  written  to  the  Standard  Metal  Tie  and  Con- 
struction Company  of  New  York,  in  January,  1890,  by  Mr.  J.  W.  Clarke, 
roadmaster  of  the  Chicago  and  Western  Indiana  Railway  Company  and 
the  Belt  Railway  Com[)any  of  Chicago: 

Answering  your  inquiry  as  to  the  condition  of  the  Standard  steel  ties  now  in  onr 
track  on  main  line,  north  of  Seventy-tirst  street,  I  be«^  to  say  that  these  ties  were  laid 
on  the  Ist  of  October,  1889,  and,  as  yon  are  aware,  they  were  put  in  at  the  above  io- 
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cation  on  south-bound  track  for  the  reason  that  at  this  point  the  ballast  is  very 
light  gravel,  ■svhich  would  make  the  test  much  more  severe  than  if  they  had  been  put 
in  at  another  location  of  the  road.  The  traffic  on  this  section  is  eighty  regular  trains 
in  one  diiection  every  twenty-four  hours;  the  heaviest  engine  weighs  9C,000  pounds, 
with  15,000  pounds  on  each  pair  of  drivers. 

So  far  the  ties  have  given  perfect  satisfaction,  requiring  but  slight  attention,  and 
that  only  when  tirst  laid.  There  are  no  loose  bolts,  clips,  or  nuts,  and  so  far  there 
have  been  none.  It  would  be  impossible  for  me  to  estimate  correctly  at  the  present 
time  the  saving  in    maintenance,  as  the  ties  have  not  been   in  service  long  enough. 

1  believe,  however,  that  there  will  be  a  great  saving  in  maintenance,  as  the  only 
things  to  need  attention  are  the  bolts  and  clips,  and  so  far  they  have  shown  no  indi- 
cation of  weakness  in  any  particular.  There  has  been  no  upheaval  of  the  ties  where 
the  ground  is  frozen,  and  from  present  indications  I  hardly  believe  that  such  will 
occur.  The  ties  are  in  good  line  and  surface,  and  hold  the  rails  in  an  upright  rigid 
position,  so  that  the  wear  on  the  rail  head  seems  to  be  more  uniform  and  even  than 
where  wooden  ties  are  used.  I  am  free  to  say  that  the  ties  have  so  far  surpassed  all 
my  expectations. 

There  seems  to  be  no  possibility  of  spreading  of  the  rails.  Should  a  rail  break 
there  would  be  less  liability  to  accident,  for  the  reason  that  the  fastenings  hold  the 
rail  absolutely  firm  and  rigid.  I  believe  that  the  saving  in  maintenance  that  will 
eventually  be  shown,  and  the  absolutely  safe, permanent  way  which  these  tiesmake, 
to  say  nothing  of  their  greater  life,  will  show  greatly  in  their  favor. 

Delaware  and  Hudson  Kailway. — Steel  ties  are  to  be  tried  on 
this  road.  An  order  for  1,500  ^'  Standard  "  ties  was  given  in  April, 
1890,  to  the  Standard  Metal  Tie  and  Construction  Company,  of  15  Cort- 
landt  street,  New  York,  and  they  will  be  laid  north  of  Ballston  on  what 
was  originally  a  part  of  the  old  Saratoga  and  Schenectady  Railroad. 
The  ties  are  to  be  7  feet  long  and  7  inches  wide;  they  will  be  in  gravel 
ballast  and  will  be  spaced  2  feet,  2  feet  6  inches,  and  perhaps  3  feet 
apart  for  experimental  purposes.  The  rails  weigh  67  pounds  per  yard 
and  rest  on  blocks  of  compressed  wood.  The  joint  is  of  a  new  type;  a 
channel-bar  4  inches  deep  is  placed  under  the  rail  ends,  and  a  clamp  on 
each  side  takes  hold  of  the  rail  flange  and  the  bottom  of  the  flange  of 
the  channel.  Four  bolts,  with  the  Harvey  grip-thread,  pass  through 
the  clamps  and  channel-bar  under  the  rail.  No  ordinary  splice-bars  are 
used,  the  rails  being  held  by  the  flanges  only.     The  joint  ties  are  spaced 

2  feet  apart,  and  the  channel-bar  and  clamps  are  as  long  as  the  distance 
between  these  ties.  The  order  for  the  ties  was  given  through  Mr.  H. 
G.  Young,  second  vice-president  of  the  road,  and  Mr.  A..  J.  Swift,  chief 
engineer.  The  Standard  ties  are  in  experimental  use  on  the  Chicago 
and  Western  Indiana  Railway,  and  are  described  further  on. 

Pennsylvania  Railway  ( See  plate  No.  29  ).— Mr.  William  H. 
Brown,  chief  engineer,  stated  in  February,  1889,  that  the  iron  ties  tried 
on  this  line  had  not  been  satisfactory.  Four  or  five  different  kinds  had 
been  tried  but  there  was  not  one  that  gave  any  satisfaction,  and  they 
had  all  been  taken  out  with  the  exception  of  the  steel  ties  obtained 
from  the  Loudon  and  Northwestern  Railway,  England;  and  it  was  sup- 
posed that  these  also  would  be  taken  out  in  a  year  or  two.  In  October, 
1889,  Mr.  Brown  stated  that  a  few  metal  ties  had  been  in  service  for 
about  nine  years,  but  that  they  had  all  been  taken  out  of  the  main 
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track,  with  the  exception  of  small  lots.  They  were  made  of  channel 
iron,  from  designs  prei)ared  by  tlie  engineer,  and  cost  $4  each.  As  will 
be  noticed  by  the  description  given  further  on,  the  construction  of  these 
ties  involved  considerable  shop-work.  One  bolt  on  each  side  of  the 
track  might,  however,  be  dispensed  with.  Some  of  these  ties  were  laid 
on  the  Filbert  street  extension  in  1880,  and  in  1885  about  400  or  oOO 
were  laid  on  the  4.1-degree  curve  in  the  West  Philadelphia  yard,  where 
134  fast  passenger  trains  passed  over  them  in  24  hours.  They  had  no 
elasticity  and  were  very  hard  to  keep  in  line.  It  was  concluded  that  as 
long  as  good  oak  ties  could  be  procured  at  a  price  not  exceeding  $1 
each,  it  would  be  cheaper  to  nse  wooden  than  iron  ties.  The  price  be- 
ing paid  for  oak  ties  in  October,  1889,  was  65  cents  per  tie,  delivered  on 
the  line  of  the  road.  In  a  letter  published  in  1886,  Mr.  Brown  stated 
that  the  iron  ties  gave  perfect  satisfaction  and  were  no  more  trouble  to 
keep  in  line  and  surface  than  wooden  ties,  but  in  October,  1889,  he  stated 
as  follows : 

la  our  experience  a  metal  tie  is  not  wortli  half  as  much  as  a  wooden  one,  and  as 
long  as  vre  can  get  first-class  wliite-oak  ties  at  our  price  of  65  to  75  cents  each,  it 
would  be  very  foolish  for  us  to  use  metal  ties  that  cost  $3  and  $4. 

This  road  has  two  sections  of  track  laid  with  the  standard  metal 
track  of  the  London  and  Xorthwestern  Eailway  (See  -'England''),  con- 
sisting of  steel  cross-ties  with  steel  rails  of  bull  headed  section,  weigh- 
ing 90  pounds  per  yard,  secured  in  the  chairs  by  steel  keys.  This  track 
is  said  to  be  more  easily  kept  in  line  than  track  on  the  company's  own 
iron  ties,  in  spite  of  the  English  ties  having  open  ends.  This  is  attrib- 
uted to  the  greater  stiffness  of  the  rails.  One  of  the  sections  of  track 
is  near  Harrisburg,  Pa.,  the  other  is  on  the  Xew  York  division,  west  of 
the  station  at  Menlo  Park,  N.  J.  On  the  latter  location  they  are  laid  on 
the  most  southerly  of  the  four  tracks,  which  is  the  track  for  east-bound 
freight  trains.  There  are  about  eight  hundred  ties  in  all,  spaced  3  feetj 
center  to  center,  giving  ten  ties  to  a  rail  length  of  30  feet.  The  track  is 
on  tangents,  one  curve  and  one  short  bridge ;  on  the  bridge  the  ties  are 
placed  on  wooden  cross-ties  having  beveled  edges.  The  rails  are  laid  to 
break  joint,  and  the  joints  are  spliced  by  deop  bars  with  four  bolts. 
The  ballast  is  of  broken  stone;  and  fine  broken  stone  is  filled  in,  cov- 
ering the  ties.  This  covering  is  not  used  on  the  other  tracks,  which  are 
laid  with  wooden  ties.  I  examined  this  section  of  track  in  November, 
1889. 

Chicago,  Santa  Fe  and  California  Railway  (See  plate  No. 
30). — On  the  Illinois  division  of  this  line  the  Taylor  tie  (described  fur- 
ther on)  has  been  in  use  on  a  few  rail  lengths  for  over  two  and  one  half 
years.  They  are  rei)orted  to  have  been  laid  in  poor  ballast,  and  to  have 
carried  heavy  traffic. 

Official  reports  made  to  me  in  February,  1890,  speak  unfavorably  of 
these  ties.  There  are  twenty-two  of  them  at  Streator,  111.,  in  the  yard 
west  of  Main  street,  between  the  crossings  of  the  Wabash  Kailway  and 
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the  Chicago  and  Alton  Railway.  They  were  laid  in  Augast,  1887,  and 
are  on  a  length  of  about  40  feet  on  a  level  and  straight  track.  Mr. 
R.  R.  Coalman  was  the  engineer  in  charge.  There  is  a  train  every  hour. 
The  locomotives  weigh  85,000  i)ounds.  The  bowls  of  thd  joint  ties  are 
8  inches  by  19  inches;  those  of  the  intermediate  ties  are  8  inches  by  14 
inches.  They  are  of  steel,  five-eighths  inch  thick,  and  weigh  50  pounds. 
The  joint  and  second  ties  are  spaced  20  inches,  center  to  center ;  the 
others  are  spaced  24  inches,  center  to  center.  The  fastenings  consist 
of  lugs  on  the  bowls  and  on  the  ends  of  the  tie-bars  as  described  further 
on.  The  expense  of  maintenance  is  said  to  be  50  per  cent,  more  than 
with  ordinary  ties,  and  the  durability  is  *'  not  very  good."  Tlie  rails 
are  of  flange  section,  weighing  70  pounds  per  yard  ;  the  joints  are  sup- 
ported, and  are  spliced  by  angle-bars.  The  ballast  is  of  cinders  and 
gravel,  and  does  not  behave  well  under  the  tie.  The  geneial  results 
are  not  satisfactory.  There  is  trouble  with  maintenance  of  track  and 
with  the  rail  attachments,  but  no  trouble  from  breakages.  In  January, 
1890,  when  the  ties  were  examined  for  the  purpose  of  this  re])ort,  tlie 
track  was  found  to  be  2  inches  lower  than  the  other  part  of  the  track; 
it  had  been  raised  3  inches  above  the  level  of  the  other  ties,  but  would 
not  stay  up.  The  ties  were  hard  to  tamp  and  the  gravel  worked  out 
from  under  them.  From  the  experience  with  these  ties  it  is  thought 
that  they  will  not  last  any  longer  than  good  wooden  ties,  while  the  cost 
for  maintenance  is  much  greater. 

Long  Island  Railway  (See  plate  'No.  30).— A  few  ties  of  the  "  Inter- 
national" tyi^e,  described  further  on,  were  sent  by  the  inventor  for  trial, 
and  up  to  the  end  of  1889  had  been  in  service  for  about  two  years. 
They  were  laid  for  a  length  of  about  40  feet,  and  were  spaced  2  feet 
apart,  center  to  center.  The  rail  joints  are  suspended.  The  track  is 
ballasted  with  cinders,  filled  in  level  with  the  tops  of  the  ties.  The 
track  is  said  to  be  not  more  firm  than  that  with  wooden  ties,  and  Its 
length  is  too  short  to  enable  its  riding  qualities  to  be  determined.  The 
ties  are  8  feet  long.  The  average  amount  of  traffic  is  100  trains  per  day. 
The  heaviest  locomotives  weigh  146,050  pounds  with  a  weight  of  59,000 
pounds  on  the  driving-wheels.  The  number  of  ties  is  too  small  and 
time  of  trial  too  short  for  any  definite  conclusions  to  be  drawn  as  to 
maintenance,  but  it  is  thought  it  would  cost  as  much  as,  or  more  than, 
the  track  with  \\ooden  ties  to  keep  in  good  line  and  surface,  and  for 
maintenance.  The  rail  fastenings  have  given  no  particular  trouble. 
Several  ties  have  cracked  under  the  rails.  On  the  whole,  the  results 
are  not  considered  to  be  very  satisfactory',  but,  as  already  stated  in  the 
^*  general  remarks,"  a  few  pages  back,  the  metal  tie  question  is  quite  in 
its  infancy'  in  this  country,  and  ties  which  have  not  thus  far  met  the  re- 
quirements and  conditions  to  be  fulfilled  may  be  improved  in  the  light 
of  actual  experience  so  as  to  be  ultimately  efiicient.  These  remarks 
apply  also  to  the  ties  described  in  the  previous  paragrai)h. 

Boston  and  Maine  Railway  (See  plate  Ko.  30).— A  few  steel 
ties  of  the  "  International "  type  have  been  tried  on  this  line.    They 


283 

wore  laid  at  Somerville,  Mass.,  in  July,  1885.  Different  patterns  were 
use<l,  most  of  tliein  in  two  pieces,  riveted  to^etlier  at  the  middle  rib  or 
web;  others  in  one  piece  with  riveted  angle-pieces  to  which  tiie  rail 
clamps  were  bolted.  They  all  had  the  top  table  crowned  at  the  middle. 
Some  had  only  half  the  width  of  each  end  closed  ;  others  }iad  a  part  of 
tlie  side  at  each  end  cut  away.  This  was  to  facilitate  tamping:.  I  vis- 
ited the  track  in  September,  1889,  but  the  ties  had  all  been  taken  out 
(and  piled  near  the  line),  as  the  notch  in  the  rib  was  not  wide  enough 
for  the  tlange  of  the  new  rails  which  are  being  put  in.  Some  were 
cracked  at  the  rail-seats.  The  section-master  in  charge  of  this  section 
spoke  well  of  the  ties ;  he  considered  that  there  was  but  little  more 
trouble  in  tamping,  especially  with  the  ties  having  a  part  of  the  sides 
cut  away.  The  ties  gave  a  bearing  of  14  inches  for  the  rail,  and  were 
spaced  28  inches,  center  to  center. 

Maine  Central  Railway — (See  plate  No.  30). — On  this  line 
also  a  few  "  International  "  ties  have  been  tried,  and  have  been  in  service 
since  1<S85.  I  examined  them  in  September,  1889.  There  are  only 
fifteen  ties,  or  one  rail  length,  and  they  are  laid  in  the  freight-yard  at 
Portland,  Me.  They  were  put  in  at  the  request  of  the  inventor.  The 
ties  have  half  of  each  eiid  open.  In  a  freight  track,  where  a  good  deal 
of  switching  is  carried  on,  the  rib  would  be  bad  in  case  of  derailment, 
as  it  might  strip  the  trucks  from  a  car  which  otherwise  might  have  been 
got  back  on  the  rails  without  injury.  As  the  rib  would  also  be  danger- 
ous to  brakemen  in  coupling  cars,  etc.,  being  likely  to  trip  them  up,  the 
space  between  the  rails  is  filled  in  with  gravel.  The  yard-master  stated 
that  these  ties  had  not  been  touched  since  they  were  laid,  which  could 
not  be  said  of  any  of  the  wooden  ties  during  the  same  time. 

Denver  and  Rio  Grande  Railway.— A  very  limited  trial  of  metal 
ties  has  been  made  on  this  road.  In  October,  1889,  Mr.  R.  E.  Briggs, 
chief  engineer,  stated  that  there  had  never  been  a  trial  made  of  a  char- 
acter to  afford  information  of  value.  A  few  years  ago  a  few  iron  ties 
(probably  a  dozen)  were  laid  in  the  track  near  Denver,  but  were  taken 
out  after  a  short  time,  and  no  record  of  them  has  been  kept.  From  an- 
other source  I  learn  that  the  ties  were  probably  of  trough  section  with 
a  wooden  block  under  each  rail,  and  that  probably  a  larger  number 
was  tried  than  above  noted. 

Philadelphia  and  Baltoiore  Central  Railway.— On  this  line, 
which  is  now  a  part  of  the  Philadelphia,  Wilmington  and  Baltimore 
Railway,  trials  of  the  Travis  iron  ties  were  being  made  in  1879.  The 
following  is  from  the  Railroad  Gazette,  Kew  York,  of  March  28,  1879 : 

At  the  meeting  of  the  Eugiueers'  Club  of  Philadelphia  on  March  15,  1879,  C.  E. 
Buzby  exhibited  a  model  of  the  Travis  iron  tie,  which  was  then  being  tried  on  the 
Philadelphia  and  Baltimore  Central  Railway,  near  Lamokin.  It  dispensed  with  all 
spikes,  bolts,  nuts,  or  fish-plates,  and  drillinfj  or  punching  rails.  Each  tie  was  re- 
cessed under  the  rails,  and  along  the  bottom  of  the  recess  wedge-shaped  pieces  were 
cast  transversely.  At  the  sides  of  each  recess  are  creosoted  blocks,  which  form  a 
cushion  and  a  fulcrum  for  two  clamps,  which  grasp  the  flange  and  web  of  the  rail 
above,  bearing  upon  opposite  faces  of  the  wedge  below.    The  weight  of  the  train 
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forces  the  clam])s  upon  the  wedge,  spreads  them  oat  at  the  bottom,  aud  causes  the 
upper  part  to  grip  the  rails.  The  first  cost  was  somewhat  greater  thau  that  of  the 
wooden  ties,  but  it  was  said  to  offset  this  in  durability. 

In  Jauiiary,  1890,  Mr.  H.  F.  Keiiney,  general  superintendent  of  the 
Philadelphia,  Wilujington  and  Baltimore  Railway,  wrote  me  as  follows : 

In  1878  oue  hundred  irou  cross-ties  of  the  Travis  pattern  were  placed  in  the  track, 
on  our  Maryland  division,  aud  were  removed  after  having  been  in  use  for  a  period  of 
four  years  aud  seven  months.  The  results  obtained  were  not  at  all  satisfactory,  the 
expense  of  surfacing  and  lining  amounting  to  considerably  more  than  with  wooden 
cross-ties.  A  number  of  these  cross-ties,  of  a  similar  pattern,  were  laid  on  the  Chester 
Creek  branch,  on  our  central  division,  during  1879.  These  ties,  like  those  in  use  on 
the  Maryland  division,  failed  to  give  satisfactory  results  and  were  removed  from 
the  track  after  a  period  of  about  four  years'  service, 

Delaware,  Lackawanna  and  Western  Eailway  (See  plate 
No.  30). — On  this  line  six  ties,  of  a  type  designed  by  Mr.  Hicks,  of  New 
York,  have  been  in  use  for  some  months  in  the  yards  at  Hoboken, 
under  heavy  drilling  and  switching  traffic.  Mr.  Neafie,  theroadmaster, 
states  that  they  behaved  well;  better,  in  fact,  than  had  been  expected. 
The  tie  as  at  present  made  is  not  considered  suitable  for  main  tracks,  as 
the  wooden  blocks  are  liable  to  split,  the  grain  being  parallel  with  the 
rail.  In  dry  weather,  too,  the  wood  would  shrink  aud  might  become 
loose.    The  ties  are  in  cinder  ballast.     (See  "Hicks'"  system.) 

Mr.  Neafie  has  designed  a  metal  tie  especially  for  use  at  road 
crossings.  Two  x)iecesof  old  rail  with  a  chair  secured  at  each  end,  form 
the  tie.  There  is  no  intention  of  applying  this  plan  to  ordinary  track, 
but  it  is  intended  especially  for  the  crossings  as  above  mentioned. 

It  is  claimed  that  these  experiments  were  not  conclusive,  and  that 
with  certain  modifications  the  tie  would  prove  successful.  An  im- 
proved form  of  tie  of  this  type,  designed  to  meet  the  objections  experi- 
enced with  the  original  Travis  tie,  has  been  invented  by  Mr.  E.  Brand- 
wood,  of  Philadelphia,  Pa.     (See  Brandwood  Tie,  page  28\).) 

TIES. 

The  Hariford  Tie  (See  plate  No.  27).— This  is  a  rolled  Bessemer-steel  cross-tie,  of  in- 
verted-trough section,  with  a  channel  or  groove  along  the  middle  of  the  top  table 
for  the  entire  length  of  the  tie.  The  dimensions  are  as  follows:  Length,  7  feet  6 
inches  to  6  feet  6  inches;  width  on  top,  8  inches;  width  at  hottom,  10^  inches;  depth, 
2i  inches.  The  metal  is  three-eighths  inch  thick  at  the  sides  and  five-sixteenths 
inch  on  top.  The  channel  or  groove  is  2\  inches  wide  and  five-eighths  inch  deep. 
The  ends  are  closed  by  curving  the  whole  tie  to  a  depth  of  5|  or  6  inches.  The  weight 
is  150  pounds,  including  the  fastenings.  The  ties  are  treated  with  Dr.  Angus  Smith's 
asphaltnm  process,  applied  at  a  temperature  of  300"  Fah.  The  fastening  for  each 
rail  consists  of  two  clamps  five-eighths  inch  thick  ;  the  clamps  are  wedge-shaped  in 
plan  aud  lie  under  the  rail  in  the  channel  of  the  tie.  At  the  hroad  end  of  each 
clamp  is  a  hooked  projection  or  lug,  which  holds  the  flange  of  the  rail.  A  bent  bolt, 
seven-eighths  inch  diameter,  with  its  head  at  an  angle  of  53  degrees  with  the  body, 
is  used  on  each  side  of  the  rail ;  the  head  is  on  the  under  side  of  the  top  tahle  of  the 
tie,  aud  the  body  passes  up  through  the  tie  and  clamp.  The  neck  is  oblong,  |  by  1-^^ 
inches.  The  nut  screws  down  on  the  inclined  face  of  the  end  of  the  clamp.  At  first 
the  clamp  had  a  hole  for  the  bolt,  hut  as  now  made  it  has  a  slot  to  receive  the  holt; 
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by  this  uieaus  the  clamps  cau  be  sbifted,  so  that  the  track  maybe  adjusted  accurately 
to  gauge,  with  auy  variation  in  the  width  or  thickness  of  the  rail  tiangcs.  The 
gauge  can  also  be  thus  easily  widened  at  curve  or  contracted  at  frogs  and  switches, 
and  rails  with  worn  heads  may  be  shifted  in  to  maintain  a  uniform  gauge.  The  bolt 
being  at  an  angle,  a  strong  grip  is  secured.  Lock-nuts  are  not  used,  but  the  bolts 
have  the  Harvey  grip-thread,  which  in  itself  forms  a  nut-lock.  Powerful  wrenches 
must  be  used,  as  the  security  depends  upon  the  upsetting  of  the  threads  within  the  nut. 
Under  exceptionally  severe  conditions  of  traffic,  however,  nut  locks  may  be  used  as 
an  extra  precaution.  This  is  the  fastening  as  improved  in  accordance  with  sugges- 
tions made  by  Mr.  Walter  Katt6,  chief  engineer  of  the  New  York  Central  and  Hud- 
son River  Railway,  who  is  now  conducting  a  careful  trial  of  these  ties,  as  already 
noted.  The  ties  cost  $3  each,  including  fastenings.  They  are  manufactured  by  the 
Pennsylvania  Steel  Company,  of  Steelton,  Pa.,  for  the  A.  J.  Hartford  Steel  Railway 
Tie  Company,  of  Temple  Court,  New  York  city.    Their  life  is  estimated  at  fifty  years. 

Ties  of  this  type,  but  flat  on  top,  without  the  groove  or  channel,  have  been  de- 
signed. The  special  object  is  to  permit  of  shimming  up  the  track,  which  becomes 
necessary  with  the  disturbance  of  the  ballast  by  frost  in  certain  sections  of  the 
country.  The  impossibility  of  shimming  has  been  an  objection  to  metal  ties,  which 
has  frequently  been  urged  by  practical  track  men. 

The  Standard  Tie  (See  plate  No.  28). — This  is  a  steel  cross-tie  of  channel  section 

{[ I),  stamped  to  shape  from  a  i^late.     The  intermediate  or  ordinary  ties  are  7  feet 

long,  7  inches  wide  over  all,  and  3^  inches  deep  over  all.  They  weigh  82  pounds 
each  and  cost  $2.50.  The  joint  ties  (for  supported  rail  joints)  are  7  feet  long,  10 
inches  wide,  and  3^  inches  deep.  They  weigh  about  105  pounds,  and  cost  §3.50  each. 
The  metal  is  three-eighths  inch  thick  throughout.  The  bottom  of  the  channel  is  cut 
loose  from  the  sides  at  the  middle  portion  of  the  tie,  and  the  parts  bent  up  at  an 
angle,  so  as  to  offer  resistance  to  lateral  motion,  the  ends  of  the  tie  being  open. 
The  tie  is  intended  to  be  filled  with  ballast.  Each  rail  rests  upon  a  block  of  pre- 
served and  compressed  wood  placed  with  the  grain  Tertical.  It  is  expected  that  this 
block  will  give  a  firm  support  to  the  rail,  will  not  be  cut  by  the  flange,  and  will  be 
durable.  Each  block  is  4i  inches  wide  by  6^  inches  long  (or  94  inches  for  joint  ties) 
and  2f  inches  deep.  The  rail  rests  only  on  the  block,  the  sides  of  the  tie  being  cut 
away  to  a  depth  of  one-half  inch  for  the  width  of  the  rail  flange.  The  fasteniugs 
consist  of  Z-shaped  clamps,  the  upper  rib  holding  the  rail  flange,  while  two  projec- 
tions forming  the  lower  nb  pass  through  holes  in  the  bottom  of  the  tie  and  take  a 
bearing  against  the  under  side  of  the  bottom.  The  upright  web  is  nearly  vertical, 
but  curved  so  as  to  grip  the  wooden  block.  The  clamps  are  as  long  as  the  inside 
width  of  the  tie.  At  intermediate  ties  the  clamps  are  screwed  up  to  a  bearing  on  the 
rail  flange  by  a  bolt  three-fourths  inch  diameter,  passing  horizontally  under  the  rail 
through  both  clamps  and  the  wooden  block.  The  center  of  the  bolt  is  one-half  inch 
below  the  top  of  the  block.  At  joint  ties  two  bolts  are  used.  It  is  claimed  that  this 
fastening  will  obviate  the  necessity  for  the  use  of  splice-bars  and  bolts,  but  as  already 
noted,  in  view  of  the  fact  that  rails  are  not  always  vertical  in  the  web  and  would 
have  a  tendency  to  be  bent  at  unsupported  ends,  it  may  be  that  the  use  of  splice- 
bars  will  be  found  desirable,  especially  for  track  with  heavy  traffic.  These  ties  are 
said  to  be  especially  adapted  for  roads  with  a  narrow  width  of  ballast,  as  the  re- 
sistance to  lateral  motion  is  at  the  middle  instead  of  at  the  ends  of  the  tie.  They 
are  also  claimed  to  be  suitable  for  bridge  floors  and  elevated  railways.  In  the  latter 
case,  the  bottom  of  the  channel  would  be  cut  away  entirely  between  the  wooden 
blocks,  so  as  to  otfer  as  little  obstruction  to  light  as  possible ;  they  would  in  them- 
selves form  the  cross-bracing  of  the  structure.  The  ties  are  manufactured  at  the 
Homestead  Steel  Works  of  Carnegie,  Phipps  &  Co.,  at  Homestead,  Pa.  They  are 
stamped  from  steel  plates  by  a  hydraulic  press  designed  by  Mr.  Aiken,  of  Pittsburgh, 
and  built  by  the  Scaife  Foundry  and  Machine  Company  of  Pittsburgh.  They  are 
being  introduced  by  the  Standard  Steel  Tie  and  Construction  Company,  of  15  Cort- 
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landt  street,  New  York  City.  They  are  being  giveu  a  trial  on  the  Chicago  and 
"Western  Indiana  and  on  the  Delaware  and  Hud.son  Railways. 

Tlie  Pennsylvania  BaiUvay  Tit-  (See  plate  No.  29). — The  channel  tie  designed  by  the 

engineer  of  the  Pennsylvania  Railway  consists  of  an  ordinary  channel-iron  (| 1), 

a  feet  6  inches  long,  7  inches  wide, 'i:!-  inches  deep,  weighing  loi  pounds  per  foot. 
Each  end  is  closed  by  an  angle-iron  3^  inches  by  5  inches,  7  inches  long,  weighing 
7  pounds  per  foot.  The  shorter  leg  rests  on  ilie  top  table  of  the  tie  and  is  secured 
by  two  rivets.     A  piece  of  angle-iron  3  inches  by  3  inches,  5^   inclies  long,  weighing 

6  pounds  per  foot,  is  also  riveted  inside  of  the  channel  just  under  the  flange  of  the 
rail.  The  fastenings  for  each  rail  consist  of  a  riveted  brace  on  the  outer  side  and  a 
bolted  clamp  on  the  inner  side.     The  brace  on  the  outer  side  is  a  piece  of  angle-bar 

7  inches  long,  secured  to  the  tie  by  the  two  rivets  which  hold  the  angle-iron  in  the 
interior  of  the  tie  ;  this  angle-bar  or  brace  bears  on  the  flange  and  under  side  of  the 
head  of  the  rail.  The  clamp  on  the  inner  side  is  a  flat  piece  of  iron  7  inches  long, 
secured  by  two  bolts;  one  bolt  may  be  dispensed  with  in  some  cases.  This  clamp 
bears  on  the  tie  and  flange  of  the  rail. 

The  Toucey  Tie  (See  plate  Xo.  29). — This  tie  was  designed  by  Mr.  John  Toucey, 
general  superintendent  of  the  New  York  Central  and  Hudson  River  Railway,  ex- 
pressly for  laying  in  the  Grand  Central  Station,  New  York  City,  where  it  was  desired 
to  pave.  Each  tie  consists  of  a  pair  of  cast-iron  "bowls "'  of  H-sectiou,  with  outward, 
flaring  sides.  The  bowls  are  connected  by  a  tie-rod  five-eighths  inch  diameter,  the 
ends  of  which  are  bent  down  at  right  angles  to  fit  into  a  hold  in  the  middle  web, 
the  rod  passing  through  the  side  of  the  bowl.  The  bowls  are  lb  inches  long,  9f 
inches  wide  on  top,  16^  inches  wide  at  the  bottom,  and  Sn,  inches  deep.  The  thick- 
ness IS  from  oue-balf  to  1  inch.  The  upper  part  of  the  bowl  is  fitted  with  an  oak 
block,  to  which  the  rail  is  secured  by  a  pair  of  Bush  interlocking  bolts.  The  ties  are 
laid  3  feet  apart,  center  to  center  of  tie-rods,  giving  18  inches  clear  between  the 
bowls.  The  weight  of  each  bowl  is  about  100  pounds.  The  track  was  laid  in  1885, 
and  no  breakages  have  occurred.  There  is  a  distance  of  about  3,000  feet  laid  with 
these  ties.  They  are  economical  in  that  the  track  has  not  to  be  dug  up  and  disturbed 
for  renewals  of  ties.  The  wooden  block  is  not  vulcanized,  creosoted,  or  otherwise 
treated  ;  but  it  is  considered  that  Georgia  pine  would  last  a  long  while,  as  it  is  away 
from  dampness.  The  ties  were  also  laid  at  the  same  time  for  several  rail  lengths  at 
the  entrance  of  the  yard.  Mr.  Toucey  stated  in  January,  1890,  that  these  also  are 
still  in  service.     There  have  been  no  renewals  or  breakages. 

The  Inter  national  Tie  (See  plate  No.  30). — This  is  a  rolled-steel  tie,  the  cross  section 
of  which  resembles  a  printer's  "brace"  {'■'^'■^^^^) .  Originally  it  was  made  in  two 
pieces  riveted  together  at  the  upper  flanges,  but  it  is  now  made  in  one  piece.  Some 
of  the  earlier  ties  were  in  one  piece,  but  had  not  the  upper  flange,  a  short  piece  of 
angle-iron  being  riveted  at  each  side  of  each  rail  seat;  the  rail  clamps  were  bolted 
to  these  angle  pieces.  To  facilitate  tamping,  half  of  each  end  was  left  open  or  a 
piece  of  the  side  cut  away  at  each  end.  As  now"  made,  however,  the  ends  are  open, 
and  a  transverse  plate  inside  the  tie,  nearly  under  the  rail  seat,  is  secured  by  a  rivet 
to  each  side.  The  usual  dimensions  are  now  as  follows  :  Length,  8  feet ;  width,  10 
inches;  side  flanges,  3  to  3^  inches  deep  ;  middle  flange,  2  inches  high.  The  thick- 
ness is  from  three-sixteenths  inch  at  the  bottom  of  the  side  flanges  to  three-eighths 
inch  on  top.  At  first  the  top  table  was  slightly  curved  at  the  middle,  but  it  is  now 
made  horizontal  for  its  entire  width.  The  middle  flange  is  cut  away  in  two  places  to 
admit  the  rail  flanges.  The  weight  of  the  tie  is  about  100  pounds.  The  price  is  about 
$1.50  to  $2.50,  according  to  length,  etc.  The  fastenings  consist  of  flat  wrought-iron 
clamps  bolted  to  the  middle  flange  of  the  tie,  one  on  each  side  of  each  rail.  These 
clamps  have  projections  which  bear  upon  the  flange  of  the  rail,  and  these  projections 
are  so  made  as  to  give  four  difterent  clearance  heights  between  the  tie  and  the  clamp; 
this  allows  for  rails  with  flanges  of  different  thickness,  and  also  for  some  amount  of 
shimming.     Some  of  these  ties  have  been  tried,  as  already  noted,  on  the  Long  Island 
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Railway,  Boston  and  Maine  Railway,  and  Maine  Central  Railway.  They  are  manu- 
factured by  the  Cambria  Iron  Company,  of  Johnstown,  Pa.,  for  the  International 
Railway  Tie  Company  (of  which  the  inventor  of  the  tie,  Mr.  Higley,  is  treasurer),  45 
Broadway,  New  York  City. 

The  Taylor  Tie  (See  plate  No.  30). — This  is  an  iron  or  steel  cross-tie  on  the  "  bowl " 
system,  each  tie  consisting  of  a  separate  piece  under  each  rail,  connected  by  a  third 
piece  formino;  a  tie-bar.  The  bowls  or  rail-bearers  are  of  inverted-trongh  section, 
placed  lengthwise  of  the  rail,  and  having  a  vertical  transverse  slot  through  which 
the  deep  tlat  tie-bar  passes.  At  rail  joints  (supported  joints)  the  rail-bearers  are  of 
extra  length  and  two  tie-bars  are  used,  one  to  each  rail  end.  With  this  system,  as 
with  the  Standard  system,  the  use  of  splice  bars  and  bolts  is  intended  to  be  avoided. 
The  inner  side  of  the  rail  flange  is  held  by  lugs  stamped  up  from  the  metal  of  the 
top  table  of  the  bowl ;  the  outer  side  is  held  by  the  hooked  end  of  the  tie-bar.  No 
bolts  or  other  loose  parts  are  used.  The  rail-bearers  are  of  sheet  steel  14  inches  long, 
1)  inches  wide,  7  inches  deep,  five-sixteenths  inch  thick.  The  tie-bar  is  6  feet  long 
and  one-half  inch  thick.  The  weight  of  the  tie  complete  is  about  90  pounds.  AVith 
ballast  that  is  tine  or  of  poor  quality  it  is  proposed  to  use  a  tie-bar  of  J,  section  (as 
shown  on  plate  No.  30  (instead  of  the  flat  bar;  the  J,  bar  would  be  3  inches  by  3 
inches,  vertical  web  three  eighths  inch  thick,  horizontal  flange  five-sixteenths  inch 
thick.  The  object  is  to  give  additional  bearing  surface.  These  ties  (with  flat  bars) 
have  been  tried  on  the  Chicago,  Santa  F6  and  California  Railway,  as  already  noted. 
The  inventor  is  Mr.  E.  L.  Taylor,  of  682  Brooklyn  street,  Philadelphia,  Pa.  He 
stated  in  January,  1890,  that  he  had  received  several  inquiries  from  foreign  countries, 
and  hoped  soon  to  make  arrangements  for  manufacture. 

The  Hicks  Tie  (See  plate  No.  30). — The  ties  already  noted  as  being  tried  on  the  Del- 
aware, Lackawanna  and  Western  Railway  are  composed  each  of  two  angle-irons,  so 
placed  as  to  form  an  inverted  channel.  At  each  end  two  angle-pieces  are  riveted 
across  the  top  of  the  tie;  between  these  two  pieces  rests  the  oak  block  to  which  the 
rail  is  secured  by  spikes.  The  angle-pieces  are  not  as  high  as  the  block,  and  as  the 
latter  has  the  grain  parallel  with  the  rail,  it  is  liable  to  be  cut  by  the  rail  and  to  be 
split  by  the  spikes.  The  block  is  also  liable  to  become  loose  in  dry  weather.  The 
tie  weighs  about  100  pounds.  Mr. Neafie,  the  road-master,  suggests  that  it  would  be 
an  improvement  to  make  the  angle-pieces  as  high  as  the  wooden  block,  with  the 
upper  edges  bent  over.  The  block  would  be  driven  to  a  tight  fit  and  would  not  be 
liable  to  be  split.  Tbe  ties  are  spaced  15  inches  apart  in  the  clear,  or  27  inches  cen- 
ter to  center.  Mr.  Hicks  proposes  several  modifications  of  the  tie  as  now  in  use. 
One  plan  is  to  have  the  wooden  blocks  only  4  inches  thick  and  long  enough  to  reach 
from  tie  to  tie,  forming  a  continuous  support  for  the  rail,  and  the  ends  of  the  adja- 
cent wooden  blocks  being  on  the  lies.  With  this  form  of  track  an  improved  clamp 
fastening  of  simple  form  would  be  used  instead  of  a  spike.  Another  system  designed 
by  the  same  inventor  consists  of  longitudinals  carrying  cross-ties,  which  are  placed  di- 
agonally instead  of  at  right  angles  to  tbe  rails.  The  ties  are  of  channel  section,  with 
a  wooden  block  under  each  rail.  The  object  of  placing  the  tie  diagonally  is  to  in- 
crease the  length  of  bearing  of  the  rails  on  the  blocks.  The  cross-tie  was  invented 
by  the  late  Capt.  H.  O.  Cook,  and  has  been  modified  and  improved  by  the  present 
owner,  Mr.  James  M.  Hicks,  19  Park  Place,  New  York  City. 

The  Diirand  Tie. — This  tie  is  of  inverted-trough  section,  somewhat  resembling  the 
**  Post"  tie  (See  "Holland  ").  It  is  narrow  and  deep  at  the  middle.  Lengthwise 
corrugations  on  the  top  table  of  the  tie  at  the  railseat  are  intended  to  give  addi- 
tional strength  ;  vertical  corrugations  may  also  be  made  in  the  sides.  The  width  of 
the  railseat  is  10  inches  on  top  and  12  inches  at  the  bottom.  The  thickness  may  be 
either  three-sixteenths  inch,  giving  a  weight  of  65  pounds  per  tie,  or  five-sixteenths 
inch,  giving  a  weight  of  100  pounds  per  tie.  The  cost  is  claimed  to  be  $1  or  .'j;1.35, 
respectively.  The  ends  are  open,  but  can  be  closed  by  a  special  cap,  which  is  to  be 
l^ut  on  after  the  tie  is  laid,  and  which  can  be  removed  to  permit  access  to  the  bolts, 
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etc.  Experience  has  shown  the  advanta<;es  of  closed  ends  for  ties,  and  the  proposed 
movable  ends  are  not  likely  to  he  introduced.  The  fastoninj^s  consist  of  four  bolts, 
with  the  heads  welded  to  the  under  side  of  the  top  table  of  the  tie.  The  nut-lock 
consists  of  a  washer  of  soft  metal ;  an  indentation  tits  into  a  recess  in  the  tie,  pre- 
venting the  washer  from  turning,  and  when  the  nut  is  screwed  down  one  side  of  the 
washer  is  turned  up  against  it.  Various  other  fastenings  are  also  proposed  by  the 
inventor  in  connection  with  his  ties.  It  is  proposed  to  roll  old  rails  into  sheets,  from 
which  the  tie  would  be  stamped  by  special  nuichiuery  ;  any  special  arrangement  of 
tie  for  curves,  switches,  etc.,  would  be  eftected  by  interchangeable  pieces  in  the  ma- 
chinery. The  plant  for  rolling  and  stamping  is  estimated  to  cost  $5,000,  and  the  cost 
of  manufacture  is  estimated  at  30  cents  per  tie.  The  ties  have  been  tried  on  a  pri- 
vate trial  line  in  the  French  Alps.  The  inventor  is  A.  Durand,  of  Alexandria,  Va., 
and  Atlantic  Building,  Washington,  D.  C.     (Patent  No.  .386,389;  July  17,  1888.) 

The  Maloney  Tie. — This  is  a  cross-tie  of  ci'uciform  section,  the  upper  vertical  flange 
being  cut  away  in  two  places  to  allow  the  rail  to  rest  on  the  horizontal  web.  The 
dimensions  are  as  follows  :  Length,  6  feet  6  inches ;  width,  9  inches;  top  and  bottom 
flanges  each  1|  inches  high.  The  thickness  is  one-fourth  inch,  increased  to  one-half 
inch  at  the  rail  seats.  The  rails  are  fastened  by  flat  clamps,  which  are  bolted  to 
the  top  flange  of  the  tie.  The  ties  are  to  be  rolled,  the  cutting  for  the  rails  and 
holes  for  bolts  being  made  during  the  operation,  so  as  to  turn  out  a  finished  tie  from 
the  rolls.  The  four  clamps  for  each  tie  weigh  about  3  pounds,  and  the  fastening  of 
the  rail  is  claimed  to  be  very  efficient.  This  tie  was  invented  by  Mr.  M.  Maloney,  of 
Ironton,  Ohio.  He  reported  in  January,  1890,  that  he  was  negotiating  for  its  manu- 
facture, and  hoped  to  have  it  in  service  during  the  present  year.  (Patent  No.  395,447  ; 
January  1,  1889.) 

The  FJower-Heller  Tie. — This  is  a  cross-tie  in  the  form  of  a  hollow  box  of  rectangular 
section,  with  a  wooden  block  inside  under  each  rail.  The  top  of  the  box  is  cut  away 
to  allow  the  rail  flange  to  rest  on  the  wooden  block,  and  the  rail  is  spiked  to  this 
block  as  to  a  wooden  tie.  For  curves  the  tie  is  made  shallower  at  the  middle  than 
at  the  ends,  so  as  to  form  shoulders  to  resist  lateral  shifting  in  the  ballast.  The  pat- 
ents for  these  ties  are  owned  by  the  American  Metallic  Railway  lie  Company,  230 
South  Fourth  street,  Philadelphia,  Pa.  (Patents  Nos.  386,119,  July  17,  1888,  and 
370192,  September  20,  1887.) 

Phoenix  Iron  WorJcs. — In  June,  1889,  Mr.  Amory  Coffin  stated  that  metal  ties  were 
being  used  on  all  the  new  track  being  built  around  the  works.  There  are  several 
miles  of  narrow-gauge  track,  and  as  fast  as  the  wooden  ties  give  out  they  are  re- 
newed with  metal.  Channel-bars  are  used  6,  8,  or  9  inches  wide  ;  of  ordinary  weight 
per  yard,  say  40  to  60  pounds. 

The  Price  system. — This  system  consists  of  ai  longitudinal  under  each  rail,  nuide  of 
a  strip  of  steel  bent  or  corrugated  to  form  a  series  of  troughs,  open  alternately  at 
top  and  bottom.  The  sides  of  the  troughs  are  flaring,  the  open  parts  being  widest. 
The  strip  has  a  rib  on  each  edge.  The  rails  are  secured  by  bolted  clamps.  The 
length  of  each  stringer  or  longitudinal  is  about  30  feet.  Light  steel  cross-ties  are 
placed  at  intervals.  The  ballast  is  intended  to  be  filled  in  to  the  top  of  the  longi- 
tudinal. This  system  is  owned  by  Mr.  James  M.  Price,  1719  North  Eighteenth  street, 
Philadelphia,  Pa. 

The  Hoffmeier  sysieni. — This  system  consists  of  cross-ties  with  arms  at  each  end. 
The  arms  of  adjacent  ties  dovetail  together,  forming  a  continuous  stringer  or  longi- 
tudinal under  each  rail.  The  ties  and  longitudinals  may  be  of  various  sections,  and 
various  forms  of  fastenings  may  be  used.  The  inventor  is  Mr,  A.  K.  Hoftmeicr,  of 
Lancaster,  Pa. 

The  Holland  system. — This  consists  of  round  or  elliptical  castings,  with  a  dome- 
shaped  diaphragm  in  each.  The  space  above  the  diaphragm  is  filled  with  concrete 
or  asphalt.  The  castings  are  not  placed  opposite  one  another  in  the  track,  but  are 
staggered.     They  are  connected  by  tie-bars.     The  system  is  the  invention  of  Mr. 
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Robert  M.  Hollaml.  of  Pbilaclelpliia,  who  alt:o  Las  a  patent  on  a  cross-tie.  (Patem 
\o.  6ti,711;  July  16,  1867.) 

The  Schofield  Tie  (See  plate  No.  30). — This  cross-tie  is  of  iron  or  sleel,  of  deep  xu- 
vertcd-trougb  section,  with  horizontal  tlano^es  on  the  bottom  edges.  Each  rail  is 
fastened  by  two  clamps  tbree-eigbtbs  inch  by  2J  inches,  fastened  by  two  five-eighth- 
incb  bolts  each.  The  tie  is  5  feet  6  inches  long,  one-fonrth  inch  thick,  and  weighs  50 
pounds.  It  is  estimated  to  have  a  life  of  tifty  years  and  to  be  worth  50  cents  wbeii 
worn  ont.  It  is  proposed  to  use  three  iron  ties  to  a  rail  length  of  30  feet,  replacing 
three  wooden  ties,  in  order  to  increase  the  safety  of  ordinary  track  at  small  expense. 
It  is  reported  that  they  are  to  be  used  in  some  special  places  on  the  Lookout  Mount- 
ain Railway,  near  Chattanooga,  Tenn,  Tbese  ties  are  being  manufactured  by  the 
Schotield  Metal  Cross-Tie  Company,  of  Chattanooga,  Tenn.  (Patent  No.  230,826; 
August  3,  1880.) 

The  Braudu'ood  Tie.— This  is  a  cross-tie  of  iron  or  steel  with  a  section  at  its  middle 
part  of  the  form  of  a  cross  +  and  with  the  ends  turned  down.  At  each  end  of  the  tie 
is  formed  a  hollow  **  box  "  deeper  than  the  other  portions  of  the  tie,  and  the  horizontal 
part  of  the  tie  is  widened  at  the  ends  to  form  a  plate  around  each  box  and  to  give 
ample  bearing  on  the  ballast.  The  bottom  of  tbe  box  is  closed  and  has  a  rib  of  /\ 
section  under  the  rail.  Each  rail  is  carried  ©n  two  clamps,  the  top  of  which  is  of 
c — '  shape  to  hold  the  rail  flange,  and  has  a  long  lower  leg  of  wedge  form  which  fits 
into  the  box.  The  rib  in  the  bottom  of  the  box  forces  the  lower  legs  of  the  clamps 
apart,  causing  the  upper  part  to  grip  the  rail  tightly,  especially  when  the  weight  of 
a  train  comes  upon  the  rails.  Wooden  blocks  are  placed  between  the  backs  of  the 
wedges  and  the  sides  of  tbe  box.  At  rail  joints  the  upper  part  of  the  clamps  is  made 
of  extra  length,  to  give  a  good  hold  on  the  rail  ends.  No  splice  bars  or  bolts  are  used. 
The  "box"  is  rather  wider  at  the  middle  than  at  the  sides,  so  that  in  renewals  the 
clamps  may  be  easily  knocked  loose  from  the  sides  of  tbe  box  and  withdrawn,  thus 
obviating  one  of  the  defects  said  to  exist  with  the  Travis  tie,  that  the  clamps  became 
wedged  so  tightly  in  the  boxes  that  they  could  not  be  removed.  This  tie  was  designed 
as  an  improvement  on  the  Travis  tie.  (See  p.  283  and  patent  No.  206,647)  by  Mr.  E. 
Brandwood,  of  Philadelphia,  Pa.,  and  patented  December  9,  1890.     (No.  442,416.) 

Southern  Pacific  Kallwat. — It  is  reported  that  trials  of  metal 
track  are  likely  to  be  instituted  on  the  Southern  Pacific  system. 

Lookout  Mountain  Eailway. — On  this  standard-gauge  road  up 
Lookout  iMountain,  near  Chattanooga,  Tenn.,  some  metal  ties  are  to  be 
tried  in  special  places.     (See  "  Scofield  "  tie.) 

CAKADA. 

Metal  track  has  not  been  introduced,  and  in  fact  has  probably  never 
been  considered  with  a  view  to  its  introduction  or  a  practical  trial.  A 
prominent  engineer,   Mr.  Thomas  0.  Keeftr,  writes  as  follows : 

I  do  not  believe  metal  ties  have  been  used  in  Canada.     We  have  not  even  creoFoted 
ties  yet.     With  white  oak  ties  at  50  cents,  and  tamarack  and  cedar  at  20  cents,  our 
railways,  always  living  from  hand  to  mouth,  have  never  thought  of  anything  else. 
22893— Bull.  4 19 


TABULAR  SU:MMARY  OF  INIETAL   TRACK. 

The  following-  is  a  table  giving  a  summai y  of  the  figures  presented 
in  the  first  parts  of  the  report,  showing  that  of  the  total  length  of  rail-  I 
ways  in  the  world  (exclusive  of  the  United  States  and  Canada)  about  j 
13.21  per  cent,  of  the  mileage  is  laid  with  metal  track.     The  figures  of  1 
the  totals  given  can  only  be  approximate,  in  consequence  of  omissions,  i 
incomplete  data,  and  lack  of  figures  brought  up  to  the  same  recent  date. 
The  totals  are,  in  all  probability,  considerably  below  the  actual  mileage, 
as  shown  by  the  figures  for  Germany  and  Switzerland.     In  the  latter  i 
case  the  total  compiled  from  data  relating  to  the  several  railways,  as 
given  in  my  report,  is  nearly  100  miles  below  the  actual  total  officially 
reported.     It  must  also  be  borne  in  mind  that  the  use  of  metal  track  is 
being  continually  extended. 

Section  1. — Europe. 


Countries. 

Loncitudi-    Bowls  and     f,         .. 
nals.           plates.        <^i"=^s  ties. 

Total  metal 
track. 

Total 
track. 

MileK.            Miles.           Miles. 
1 70.  00 

Miles. 

70.00 

52. 12 

329.  42 

115.  50 

8,  786.  64 

122.  93 

*397.  40 

258.  78 

.02 

Miles. 
20  000 

Franc© 

:      ...                      F,9  ^'). 

21  "00 

Holland     

8.06 

321.36 

:i  2\<^ 

Bel^'imn 

115.  50 

3  544 

German  Y*     ... 

3,562.52 
66.56 

.25 

1      5  224. 12 

25  144 

'        '   56.  37 

14,  942 
1,810 
5,772 

Switzerland.     ...       ..........       .         .... 

...                    303. 98 

Spain  

251.68                7.10 
no 

Portui^al 

1   12<i 

Italy  .". 

i 

7, 2<s: 

I .50 

.50 

18.10 

5,544 

Denmark ..... ....  . 

1     1           18. 10 

1,248 

Russia 

17,682 

Turkey         

i                         ^               70.  fift 

70.68 

865 

Koumania                                                           '                      1 

1  491 

321 

Greece                                                              '                                                                     

3^0 

Totals  of  Europe 

1"" 

3,  037.  39 

251.68         6,239.85  j     10,222.09 

132,071 

■  Official  statement  of  totals. 


Section  2. — Africa. 


Countries. 


Egypt 

A  Ijieria 

Tunis 

Aby.sainia 

Portujrue.se  Territory  rSouth  Africa) 

Natal         ." 

Cai)e  Colony 

South  African  Republic  (Transvaal)  . 

Reunion 

Senegal 

Mauritius 


Totals  for  Africa 


200 


Bowls  and 
plates. 


Miles . 
851.75 


80.00 
"62."  66' 


Cross-ties. 


993.  75 


Miles. 
36.25 
120.  00 


14.25 
47.75 


36.50 
40.50 


2.50 


296.  75 


Totalmetal 
track. 


Miles. 
887.  00 
120. 00 


14.25 
47.75 


116.50 

40.50 

62.00 

2.50 


1 ,  290.  50 


Total 
track. 


Miles. 

1,228 

J       ],538 

14 
56 
217 

1,  r.\r, 

4'. 


2!tn 
,  2'J2 
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Section  3. — Australasia. 


South  Austnilia... 

C'uoeusliiiul     

aNew  South  WiiKs 


Countries. 


Cross-ties. 


Miles. 


146 

40 


Total  metal 
trac  k. 


Totals  for  Australasia 


Total 
track. 


Miles. 


West  Australia 

New  Zealand I 

Tasmania 


186 


MUes. 
146  j  1,824 

40  I  2,  103 

....I  2,168 

....  2,167 

....  160 

1,843 
375 


186 


10,  640 


Section  4. — Asia. 


Countries. 

Bowls  and 
plates. 

Cross-ties. 

Total  metal 
track. 

Total 
track. 

British  India         

2[iles. 
5,  312,  25 

Miles. 
3,912.25 

Miles. 
9,  224.  50 

Miles. 
15,245 

182 

Sumatra                                       •            -.   --.   -- -- 

90  00 

90.00 

90 

720 

Afaln  V  .^tfltp^                                                                            .    .       ... 

i 

31 

China                                             



85 

896 

A<»iM  Arinnr                                                      .    ...... 

372 

.960 

525 

Totals  for  Asia 

5,  312.  25 

4,  002.  25 

9,  314.  50 

19, 106 

Section  5. — South  America,  Central  America,  and  Mexico. 


1                1 

Countries.                                       \  ^pYa^gg"^    Cross-ties. 

Total  metal 
track. 

Total 
track. 

Miles.      ]      Miles. 

Argentine  Republic 3,350.15            193.41 

"Paiaciiav                                   .               .... ......... 

Miles. 
3,  543.  56 

Miles. 
4,650 
90 

345 

Chil? 

1.00 

1.00 

1  650 

Peru                 - 

837 

43 

Brazil   82.46 

Ecuador      ... . .......... .. ..  ...... 

3.72 

86.18 

6,070 
94 

British  Guiana           .                                                              i 

' 

92 

^enezuelri . .. 

23.00 

57.25 

80.25 

182 

164 

San  Salvador                           .... 

25 

115 

32 

Guatemala                ..  ........ ..     ...  .... 

105 

37 
^  nnn 

M^exico                                  .... 

77  00 



77   00 

Totals    .  -         .            .... 

3,  455.  61 

332  38  1       S  "8"  i'"^           19  461 

Section  6. — Xorth  America. 


1;^ 
Canada 
I 


Countries. 


Cross-ties. 


I  Total  metal      Total 


track. 


track. 


Miles.      i 
2.00 


Miles.      I    Miles. 

2.00         161,000 
13, 165 


Totals  of  North  America 


2.00 


2.00  I      174,165 
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Summary  of  totals. 


Section. 

1 
Longitudi- 
nals. 

Miles. 
3,  637.  39 

Bowla  and 
plates. 

21iles. 
251.68 
993.  75 

Cross-ties. 

Total 
metal 
track. 

No.  1 

:tio.  2 

1 
Miles.       1    Miles. 
6,  239.  85     10.  222.  09 
296  75        1  '>Q()  50 

Ko.  3 

No.  4 

5,  312.  25 
3,455.61 

4,002.25       9,314.50 
330  3g  1     3  7S7  qo 

No.  5 

No.  6    

2.00 

2.00 

Total 

3,637.39 

10,013.29 

11,059.23 

24,803.08 

Note. — The  use  of  longitudinals  is  being  abandoned.  Tlie  bowls  and  plates  are  mainly  in  service 
in  hot  countries,  with  special  conditions  of  trattic,  as  in  India  and  South  America.  The  cross-ties  aie 
used  under  conditions  of  climate,  traffic,  etc.,  most  nearlj-  accoiding  to  the  conditions  obtaining  in 
this  country. 

Percentage  of  metal  track  mileage. 


Total       1 
metal      1 
track. 

Total 
track. 

Percent- 
age of 
metal 
track. 

Section  : 

][sf  0  1 

2mes. 

10,222.09 

1,290.50 

180.00 

9,314.50 

3,787.99 

2.00 

Miles. 

132,071 

5,202 

10,640 

19,106 

19,461 

174,  -65 

1,241 

7.74 

No    2                                                                          

24  80 

No    3                   

1.75 

No.  4 

48.75 

No    5                                                              

19.46 

No.  6           

West  Indies                                                            .          .            

Total 

24,803.08  ^ 

361,  886 

6.85 

Total  mileage  of  railway  with  metal  track miles.. 

Total  mileage  of  railways  of  the  worhl  (exclusive  of  United  States  and  Canada).    ...miles.. 
Percentage  of  railway  with  metal  track  (exclusive  of  United  States  and  Canada)  per  cert. 


24,  800 

187. 721 

13.21 


P^RT   II. 


CxENERAL  REVIEW  OF  THE  METAL  TRACK  QUESTION, 


General  Remarks. — In  view  of  the  informatioD  and  statistics  pre- 
sented in  this  report,  there  can  be  no  doubt  that  the  use  of  metal  track 
for  railways  has  reached  a  stage  beyond  that  of  mere  experiment,  and 
that  satisfactory  results  may  be  obtained  with  such  track  under  certain 
conditions.  Experience  (under  various  conditions)  has  conclusively 
demonstrated  the  fact  of  the  practicability  of  employing  metal  as  a  sub- 
stitute for  wood,  for  supporting  the  rails  of  railways.  Not  only  has 
the  practicability  of  using  such  track  been  shown,  but  also  its  advan- 
tages in  economy,  efflciency,  and  safety.  That  tlie  experimental  stage 
has  been  passed  is  shown  by  the  extent  to  which  this  kind  of  track  is 
in  nse,  and  its  steadily  increasing  introduction.  It  remains  now  for  us 
to  profit  by  the  experience  already  on  record,  making  use  of  the  im- 
provements, modifications,  and  warnings  suggested  thereby  in  our  act- 
ual practice.  The  main  advantages  presented  by  a  good  system  of 
metal  track  are  as  follows:  (1)  Reduced  expenses  for  maintenance  and 
renewals,  owing  to  the  solid  construction  and  the  greater  durability  of 
the  parts ;  (2)  a  better  class  of  track,  owing  to  improved  fastenings, 
etc.,  and  the  fact  that  the  road-bed  is  not  torn  up  (as  with  wooden  ties) 
for  frequent  renewals,  so  that  it  gives  the  best  road  with  the  least  amount 
of  work  for  maintenance  ;  (3)  increased  safety  for  traffic,  owing  to  the 
superiority  of  the  fastenings  over  those  used  with  wooden  ties.  Metal 
tie-plates  and  improved  fastenings  are  being  introduced  in  this  country 
and  abroad,  to  increase  the  efficiency  of  track  oa  wooden  ties,  but  the 
standard  track  of  the  future,  for  main  lines  with  heavy  traffic  at  least, 
will  probably  be  laid  with  metal  ties.  It  has  been  pointed  out  that  the 
use  of  metal  ties  would  have  a  beneficial  effect  on  the  iron  trade,  as  the 
ties  (except,  perhaps,  some  lots  importe<l  for  experiment)  would  be 
manufaijtured  in  this  couutiy. 

In  nearly  all  the  princii)al  countries  of  the  world,  and  in  many  of  the 
smaller  countries,  experiments  have  been  made  on  a  sufficiently  large 
scale  to  enable  reliable  conclusions  to  be  drawn  as  to  the  merits  and 
demerits  of  the  numerous  systems  of  track   which  have  been  experi- 
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niented  with.  It  may  be  noted  as  of  special  sigiiificauce  that  in  Hol- 
land, a  couuti T  witLioiit  home  maDulactnie  ot  metal  ties,  but  i)Ossess- 
iug  ample  resources  of  native  and  foreign  limber  at  cheap  rates,  all  the 
railway  companies  have  used  metal  ties  for  a  number  of  years,  and  that 
Avithout  pressure  from  the  Government;  the  companies  having-  consid- 
ered this  step  to  be  in  their  own  interest.  Mr.  Bricka,  in  his  report  to 
the  minister  of  i)ublic  works,  France,  in  1885,  stated  that  the  progress 
in  this  direction  had  been  such  that  already  some  railways  in  Germany. 
Holland,  and  Switzerland  had  decided  to  abandon  the  use  of  wooden 
ties.  In  connection  wirh  the  favorable  opinions  expressed  by  engineers 
in  these  countries,  it  is  to  be  considered  that  in  Switzerland  and  some 
parts  of  Germany  where  metal  ties  are  used  there  are  no  iron  or  steel 
works,  and,  therefore,  the  fostering  of  a  local  industry  had  no  influence 
on  the  opinions  expressed,  whde  Switzerland  especially  has  plenty  of 
timber.  JMr.  Post,  in  a  paper  written  in  ISSo,  stated  that  if,  in  compar- 
ing the  costs  of  different  systems  of  track,  account  was  taken  in  each 
case  of  the  different  details  (first  cost,  trausi)ortation,  laying,  mainte- 
nance, renewals,  interest,  selling  price  of  old  material,  etc.)  it  would  be 
seen  that  there  are  few  countries  where  the  exclusive  use  of  wood  for 
ties  is  really  economical  in  the  broad  meaning  of  the  word.  This  is 
specially  evident  as  to  hot  countries  where  insects  and  atmospheric  in- 
fluences effect  a  rapid  destruction  of  wooden  ties. 

In  this  country,  railway  men  are  very  generally  indifferent  to  this 
matter,  or  are  waiting  for  a  perfect  tie  to  be  brought  to  them.  Among 
the  reasons  for  this  indifference  has  been  the  apparent  abundance  of 
our  timber  resources.  But  attention  has  now  been  drawn,  especially  by 
the  Department  of  Agriculture,  to  the  great  destruction  of  these  re- 
sources and  the  serious  results  of  the  denudation  of  large  tracts  of  forest 
land.  Other  reasons  have  been  the  greater  first  cost  of  metal  ties  and 
the  need  of  cheapness  in  railway  construction.  Tliese  considerations 
have  some  weight  still,  but  on  main  lines,  with  heavy  traffic,  economical 
construction  has  become  the  main  consideration  rather  than  cheap  con- 
struction. 

A  few  practical  exi)eriments  with  different  forms  of  cross  ties  have 
been  made  and  are  now  in  progress.  Other  trials  have  also  been  made 
from  time  to  time  with  a  small  number  of  ties,  but  these  experiments 
are  on  too  limited  a  scale  to  allow  any  definite  conclusions  and  are  gen- 
erally conducted  without  much  regard  to  practical  results.  If  a  metal  : 
tie  could  be  designed  and  constructed  that  would  meet  at  once  all  the 
requirements  and  answer  all  the  objections,  it  would  have  a  fair  chance 
of  being  adopted.  But  it  must  be  remembered  that  engineering  is  to 
a  great  extent  the  science  of  develo])meut.  As  the  metal  rail  has  been 
developed  from  the  wooden  rail,  so  has  the  metal  tie  been  developed 
from  the  wooden  tie.  These  developments  have  been  by  "  trial  and 
error,"  and  it  is  practically  an  impossibility  for  a  metal  tie  to  be  devised 
at  once  that  will  be  successful  in  every  way. 
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The  ties  that  are  now  used  with  success  in  other  countries  are  modi- 
fications and  iini)roveinents  of  those  first  tried,  and  thus  by  degrees  a 
really  efficient  tie  has  been  obtained.  In  this  country  there  have  been 
discussed  in  the  te(;hnical  i)ress  various  claiais  made  by  inventors  for 
forms  of  ties  existiii<i'  only  on  i)ai)er  or  in  miniature.  It  is  probable 
that  few  of  the  ties  designed  and  patented  here  have  much  real  merit, 
as  so  many  are  invented  by  persons  unacquainted  with  the  requirements 
\o  be  met  or  the  conditions  to  be  considered.  Of  the  few  that  possess 
merit  it  nniy  be  said  with  reasonable  certainty  that  actual  trial  will 
result  in  considerable  modifications  being  made  of  the  original  design. 
Such  trial  may  show  thnt  an  apparently  poor  type  of  tie  may  be  made 
valuable  by  some  modifications,  or  that  a  tie  of  apparently  good  type 
is  a  failure  in  practice. 

Among  the  requirements  for  a  successful  tie  may  be  enumerated 
the  following:  (1)  Heavy  enough  to  hold  the  rails  down  w^elland  make  a 
firm  track  ;  (2)  light  enough  to  be  of  reasonable  cost;  (3)  metal  enough 
to  stand  wear  and  tear  and  give  ample  strength:  (4)  easy  of  manu- 
facture, and  requiring  a  minimum  of  shop-work  ;  (5)  not  liable  to  lateral 
motion  in  the  ballast ;  (6)  easy  to  be  laid,  removed,  or  ballasted  ;  (7)  fast- 
enings simple  and  efficient,  with  as  few  parts  as  i)ossible,  capable  of 
adjustment  for  widening  the  gauge  at  curves  etc.  5  (8)  price  such  as  to 
enable  an  actual  ultimate  economy  to  be  shown  to  the  engineers  and 
financial  officers ;  (9)  proper  quality  of  metal  to  sustain  shocks  with- 
out injury;  (10)  elasticity  enough  to  give  an  easy-riding  track.  The 
following  is  a  partial  summary  of  the  conclusions  of  the  report  made 
by  Mr.  Bricka  in  1885  : 

(1)  The  ties  should  be  of  mild  steel,  to  the  exclusion  of  wrought  iron. 

(2)  Ties  of  the  original  Vautherin  type  may  be  employed  for  sand  and  fine  gravel 
ballast,  but  for  coarse  gravel  or  broken  stone  they  should  be  without  the  bottom 
flanges.     The  Post  and  Berg-and-Mark  ties  are  tlie  best  modifications  of  this  type. 

(3)  They  should  be  at  least  8.2  feet  long  and  8.8  or  9.2  inches  wide.  The  ends 
should  be  closed,  but  the  use  of  extra  cross-pieces  inside  is  not  necessary. 

(4)  The  thickness  should  not  be  less  than  .28  or  .32-inch,  and  should  be  at  least 
.40  inch  under  the  rail ;  it  may  be  reenforced  by  alongitudal  rib  under  the  top  table, 
or,  better,  by  the  Post  system  of  rolling  the  rail-seat  of  extra  thickness.  The  extra 
thickness  must  not  involve  unreasonable  expense.     The  ties  are  rolled  and  punched. 

(5)  For  flange  rails  the  inward  inclination  is  best  given  by  an  extra  thickness  of 
metal  at  the  rail-seats ;  the  use  of  tie-plates  is  considered  preferable  to  bending  the 
tie  at  the  rail-seats. 

(6)  The  weight  should  not  be  less  than  110  pounds,  but  it  has  been  proposed  to 
reduce  it  below  this  reasonable  minimum.  A  weight  of  about  121  or  132  pounds,  or 
even  more,  is  preferable  for  main  lines. 

(7)  The  best  systems  of  fastenings  for  flange  rails  are  the  Ruppel  system,  used  on 
the  Prussian  State  Railways,  and  the  Heiudl  system,  of  the  Austrian  State  Railways; 
nearly  all  the  bolt  systems  have  given  good  results. 

(8)  The  use  of  metal  ties  does  away  with  use  of  the  chairs  for  double-headed  rails, 
and  the  combination  of  flange  raile  on  these  ties  is  simpler  and  less  expensive. 

(9)  The  price  of  the  ties  should  not  exceed  .p2  to  $34  per  ton,  and  that  of  the 
small  material  $50  to  $70  per  Ion.     (These  prices  are  for  France,  1885.) 
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(10)  The  life  of  metal  ties  is  at  least  thirty  years,  or  douhle  that  of  oak  ties.  It  can 
1)6  shown  that  the  use  of  steel  ties  weighing  1*21  to  132  pounds  is  not  more  expensive 
than  oak  ties  when  the  latter  cost  $1.10  each  and  the  former  §32  per  ton. 

(11)  The  track  on  metal  ties  is  as  stable  as  but  no  harder  than  that  on  wooden  tit  s. 
and  it  behaves  better  in  case  of  derailment.  When  the  track  is  established  in  good 
condition  the  labor  of  maintenance  does  not  cost  irore  than  with  track  on  wood  n 
ties;  it  is  probably  more  economical. 

(12)  The  ties  may  be  laid  in  ballast  of  any  permeable  material.  A  good  splicing 
of  the  rail-joints  is  necessary  with  this  form  of  track. 

Mr.  Bricka  considered  that  etigiueers  should  make  themselves  thor- 
oughly acquainted  with  results  already  obtained  before  introducinii 
metal  track  for  themselves.  For  careful  comparisons  of  maintenamc 
expenses  he  suggested  trial  sections  of  6  or  9  miles,  with  varying  condi- 
tions of  alignment,  profile,  ballast,  etc.j  the  expense  of  such  trials  would 
be  small  in  comparison  with  the  end  to  be  attained. 

Elasticity  is  necessary  to  make  an  easy-riding  track  and  i)revent  any 
additional  wear  of  the  rolling-stock.  Ties  of  polygonal  or  trough  sec- 
tion, such  as  those  of  the  Post  and  Yautherin  types,  are  said  to  be 
especially  elastic.  The  track  on  metal  ties  on  the  Central  Eailway  of 
Switzerland  is  said  to  be  even  more  elastic  than  tliat  on  wooden  ties. 
It  has  been  stated  that  a  metal  track  would  be  too  severe  on  the  rolling- 
stock  and  too  rigid  for  rapid  traffic,  but  experience  does  not  sui)i)ort 
this  statement.  In  England  trains  run  at  a  speed  of  nearly  GO  iriles 
an  hour  on  metal  track ;  on  the  European  continent  the  speed  varies 
from  37  to  45  miles  per  hour. 

Eust  is  only  experienced  to  a  comparatively  limited  extent  with 
wrought-iron  ties  and  hardly  at  all  with  mild  steel.  It  is  xnainly  pro- 
duced, as  with  rails,  in  damp  tunnels  or  in  cinder  ballast,  owing  to  the 
sulx)huric  acid  and  carbonic  acid  in  the  smoke  and  ashes.  Wearing  at 
the  rail-seats,  and  longitudinal  cracks  at  the  same  place,  are  not  expe- 
rienced with  mild  steel  as  with  iron.  The  greatest  probable  trouble  is 
from  the  wear  of  the  holes  for  the  fastenings,  but  this  may  be  reduced 
to  a  minimum  by  proper  construction. 

Simplicity  in  design,  manufacture,  fastenings,  and  the  arrangement 
of  parts  is  especially  to  be  aimed  at,  with  due  regard  to  practical  re- 
quirements for  strength,  etc.;  and  the  simplest  system  designed  vrith 
such  regard  will  probably  give  the  best  results  in  economy  and  efti- 
cieucy.  In  some  systems,  however,  this  principle  of  simplicity  has 
been  carried  too  far,  allowing  no  loose  parts  at  all ;  the  rails  are  either 
held  by  tie-bars  with  hooked  ends  or  are  sprung  into  place  between 
fixed  lugs  or  the  ties  are  laid  diagonally  to  let  the  rail  fit  onto  its  seat 
and  are  then  shifted  to  their  pro])er  position,  bringing  the  lugs  to  over- 
lap the  rail  flange.  Such  methods  may  do  for  very  light  rails,  but  are 
hardly  adapted  for  heavy  traffic.  With  some  forms  of  track  special 
ties  are  required  at  curves ;  this  is  a  very  serious  objection,  as  it  not 
only  increases  the  shop-work  and  expenses,  but  also  makes  more  work 
and  is  likely  to  cause  continual  trouble  in  track-laving.     All  the  ties. 
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except  those  at  frogs  and  switches,  should  be  of  precisely  the  same  size 
Mild  form,  and  adjustment  of  the  gauge  should  be  effected  by  means  of 
the  fastenings  of  the  rails.  In  some  European  countries  this  question 
of  simplicity  appears  to  be  a  very  secondary  consideration,  and  there  is 
a  growing  tendency  towards  the  greater  complication  of  the  track  by 
various  forms  of  tie-plates,  clam^is,  etc.  The  steel  cross-ties  of  the 
Indian  State  Eailway  and  the  local  railways  of  Belgium,  however,  make 
a  track  which  is  very  simple  in  construction  and  which  has  shown  its 
efficiency  in  actual  service. 

Metal  ties  will  have  a  much  longer  life  than  wooden  ties,  and  the  old 
material  will  have  a  considerable  market  value.  The  actual  life  of 
metal  ties  has  not  been  determined,  as  the  older  forms  were  not  adapted 
to  the  conditions  of  modern  traffic  and  rolling  stock,  and  the  newer 
forms  have,  as  a  rule,  only  been  in  service  from  five  to  ten  years.  Some 
of  the  older  ties  have  been  in  service  for  fifteen  to  twenty-five  years,  as 
in  Holland  and  Algeria.  In  Germany  their  life  is  estimated  at  between 
thirty  and  forty  years,  although  on  the  Elberfeld  division  of  the  Prus- 
sian state  railways  it  is  not  considered  that  they  will  last  more  than 
fifteen  years,  or  the  same  time  as  the  best  oak  ties.  A* life  of  fifty  years 
is  sometimes  estimated,  and  it  is  possible  that  ties  of  ^ood  design  and 
material  and  under  favorable  conditions  may  come  up  to  this  estimate. 
The  steel  ties  now  being  tried  on  the  Kew  York  Central  Eailway  are 
estimated  to  have  such  a  life.  The  life  of  rails,  however,  is  said  to  be  less 
when  laid  on  metal  ties  than  on  wooden  ties,  owing  to  more  rapid  wear. 
3Ir.  Couard,  of  the  Paris,  Lyons  and  Mediterranean  Railway,  France, 
has  compiled  statistics  showing  this  rrsult,  and  similar  results,  but  to  a 
less  extent,  have  been  noted  on  the  Northern  Railway  of  Austria.  The 
quality  and  character  of  the  material  of  the  rails,  however,  is  a  point 
of  very  great  importance  in  consideration  of  this  question. 

The  question  of  metal  track  was  among  the  subjects  considered  at  the 
International  Railway  Congress,  in  1885  and  1887.  The  conclusions  of 
the  congress  held  at  Brussels,  Belgium,  in  1885,  were  as  follows: 

(A)  The  congress  is  of  opinion  that  tracks  on  metal  cross-ties,  considered  from  a 
technical  point  of  view,  can  compare  favorably  with  tracks  on  wooden  tics,  both  for 
lines  with  heavy  traffic  and  for  lines  with  light  traffic.  The  congress  is  also  of  opin- 
ion that  the  tracks  on  metal  ties  can  also  compare  favorably  with  those  on  wooden, 
ties  from  a  financial  point  of  view;  but  it  is  well  in  each  particular  case  to  make  a 
comparison  between  the  two  types  of  tracks,  taking  into  account  the  cost  of  mate- 
rials, the  cost  of  labor  for  maintenance,  and  the  probable  durability  of  the  materials  ; 
the  result  of  the  comparison  will  show  which  type  of  track  should  be  adopted. 

(B)  The  congress  is  of  opinion:  (1)  That  for  main  lines  with  continuous  and  heavy 
traffic,  and  for  strategic  lines,  it  will  be  well  to  adopt  a  stronger  tie  than  that  for 
secondary  lines,  or  lines  with  lighter  traffic,  at  least  for  such  of  the  latter  tracks  as 
are  not  likely  to  become  main  lines  within  a  short  time.  For  lines  which  are  only 
secondary  provisionally,  the  resistance  of  the  track  may  be  diminished  until  the  line 
becomes  a  main  line,  by  increasing  to  a  certain  extent  the  spacing  of  the  ties.  (2) 
That  for  secondary  or  light  lines,  it  is  well  to  employ  ties  lighter  and  less  expensive 
than  those  adopted  for  main  lines,  lines  with  heavy  traffic,  or  strategic  lines. 
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(C)  As  to  the  most  favorable  form  and  dimensions  to  be  adopted  for  a  metal  cross 
tie,  the  congress  is  of  opinion  that  the  results  of  experience,  so  far,  are  not  suffi- 
ciently conclusive  to  allow  of  the  recoiuuieudalion  of  one  type  to  the  exclusion  of 
others. 

The  opinions  of  the  cono-ress  held  at  Milan,  Italy,  in  1887,  were  as 
follows  : 

(A)  The  opinion  expressed  by  the  congress  of  1885,  as  to  the  relative  merits  of 
metal  and  "wooden  ties  from  a  technical  point  of  view,  is  not  weakened  by  the  oxjie- 
rience  of  the  last  two  years;  and  the  use  of  metal  ties  is  increasing. 

(B)  As  to  the  relative  cost  of  the  two  systems,  taking  into  account  the  net  cost 
and  the  durability,  the  result  is  a  question  of  the  type  of  tie,  and  depends  entirely 
upon  local  circumstances  and  the  state  of  the  metal  market. 

(C)  As  to  the  maintenance  expenses,  for  lining  and  surfacing,  the  question  does 
not  appear  to  be  sufficiently  demonstrated  for  lines  ■with  heavy  traffic  and  fast  trains. 
For  lines  -with  moderate  traffic  and  slow  trains  the  opinion  of  the  majority  is  that 
the  metal  ties  present  advantages,  especially  after  sufficient  time  has  elapsed  for  the 
earthwork  and  road-bed  to  have  settled  to  a  good  bearing  and  for  the  fastenings  to 
have  become  well  consolidated. 

(D)  For  ties  of  the  Vautherinor  inverted  trough  type,  it  appears  well  to  state  that 
the  use  of  a  homogeneous  metal  is  desirable. 

The  congress  held  at  Paris,  France,  in  1889,  arrived  at  the  following- 
conclusions  : 

While  metal  ties  present  many  favorable  and  advantageous  points,  the  experience 
with  them  has  not  been  sufficient  to  justify  any  final  decision  in  their  favor  against 
wooden  ties.  Recommendations  were  made  that  each  management  should  select 
two  trial  sections,  1,640  to  3,28i)  feet  in  length,  and  lay  one  with  metal  ties  and  tlu} 
other  with  wooden  ties  ;  both  sections  to  have  as  nearly  as  possible  the  same  condi- 
tions of  grade,  align -neut,  road-bed,  ballast,  and  traffic.  The  trials  should  last  long 
enough  to  enable  definite  conclusions  to  be  arrived  at.  The  special  points  to  be  con- 
sidered and  reported  upon  would  be  as  follows:  First  cost ;  cost  of  maintenance ; 
cost  of  renewals  ;  approximate  life  of  ties  ;  effect  on  the  rails  ;  best  types  or  forms  of 
ties;  general  cost,  taking  renewals  into  account. 

Mr.  Bricka,  chief  engineer  of  the  French  state  railways,  estimated 
that  at  the  end  of  1884  there  were  12,400  miles  of  metal  track  through- 
out the  world,  of  which  6,200  miles  were  in  Europe.  The  tables  which 
I  have  compiled  for  this  report  show  a  total  of  24,800  miles  of  metal 
track. 

While  the  general  adoption  of  any  one  form  of  tie  can  not  be  pre- 
dicted with  any  certainty,  yet  the  combination  of  heavy  steel  flange 
rails  and  steel  cross- ties  may  be  considered  as  the  standard  type  of 
track  of  the  future  for  main  lines  at  least.  At  a  meeting  of  the  Cleve- 
land Institution  of  Engineers  (England),  in  June,  1889,  Mr.  Jeremiah 


Note. — In  a  paper  on  "The  Improvement  of  Railway  Track,"  presented  at  a  meet- 
ing of  the  American  Society  of  Railway  Superintendents  in  April,  1889,  I  called  at- 
tention to  the  importance  of  the  metal  track  question,  and  also  suggested  that  the 
committee  on  roadway  should  consider,  among  other  matters,  the  question  of  the 
advantages  of  steel  ties  for  main  lines  with  heavy  traffic  and  for  prairie  lines,  with 
the  desirability  of  making  any  recommendations  on  this  point  as  also  on  the  question 
of  metal  tie  plates  on  wooden  ties.  I  have  also  discussed  this  question  in  a  paper  on 
"The  Improvement  of  Railway  and  Street  Railway  Track,"  read  at  the  annual  con- 
vention of  the  American  Society  of  C/vil  Engineers  at  Seabright,  N.  J.,  in  June,  1889. 


299 

Head,  M.  Inst.  C.  E.,  the  emineut  eugiueer,  prophesied  that  the  stand- 
ard track  of  the  future  would  consist  of  100-pound  rails,  laid  on  steel 
cross- ties. 

Apart  from  its  use  for  ordinary  railway  purposes,  however,  metal 
track  is  very  extensively  used  for  military  railways;  for  light  railways 
for  general  purposes,  such  as  feeders  to  main  lines,  etc.  ;  for  street 
railways;  for  portable  railways  on  plantations,  etc.;  and  for  con- 
tractors' temporary  lines.  Metal  ties  are  also  used  in  mines  and  col- 
lieries. 

Types  of  Track, — In  considering  the  results  obtained  by  past  ex- 
perience with  metal  track,  the  various  forms  already  tried  may  be 
divided  into  three  classes,  as  follows  : 

1.  Cross-ties. 

2.  Longitudinals. 

3.  Bowls  or  plates,  arraQged  in  pairs  and  connected  by  tie-rods  transverse  to 

the  track. 

(1)  Cross-ties. — This  is  by  far  the  most  extensively  used  of  any  of 
these  tj'pes,  and  it  has  been  more  rapid I3"  and  more  widely  introduced 
and  extended  than  either  of  the  others.  From  this  and  from  the  re- 
sults attending  the  trials  under  varying  conditions,  it  may  be  consid- 
ered that  this  is  the  most  advantageous  type,  and  will  be  the  standard 
type  for  metal  track.  In  saying  this,  it  must  be  clearly  understood  that 
it  is  the  type  only  which  is  referred  to,  as  there  are  innumerable  forms 
and  patterns  of  cross- ties,  with  which  various  results  have  been  ob- 
tained, as  will  be  seen  from  this  report.  Track  of  this  type  has  been 
tried  in  many  countries  and  has  proved  satisfactory  under  conditions 
of  the  most  widely  varying  character,  from  European  railways  with. 
good  road-beds  and  heavy  rails,  carrying  heavy  traffic,  to  prairie  and 
hill  country  lines.  It  is  especially  significant  that  it  has  given  excel- 
lent results  and  has  been  widely  introduced  under  conditions  of  track, 
traffic,  etc.,  which  are  practically  similar  to  the  conditions  which  would 
obtain  in  service  in  this  country.  This  type  of  track  has  been  so  widely 
used  that  the  various  forms  of  ties  can  not  well  be  summarized  here, 
but  some  notes  are  given  further  on,  and  full  particulars  are  given  in 
the  descrii^tions  of  the  experiments  made  on  different  railways,  as 
shown  in  Part  I. 

(2)  Longitudinals. — This  type  of  track  is  only  used  to  a  limited  ex- 
tent, and,  as  shown  by  special  reports  and  other  information,  their  use 
is  not  increasing.  The  construction  of  the  track  is  more  difficult  and 
requires  more  labor  than  that  with  cross-ties.  Maintenance,  renewals, 
and  repairs  are  less  easily  managed,  and  greater  care  must  be  paid  to 
the  ballasting  and  drainage.  On  the  other  hand,  it  has  the  advantage 
of  giving  the  rails  a  continuous  support,  and,  consequently,  with  a  well- 
packed  road-bed,  would  make  a  very  smooth-riding  track,  but  probably 
at  a  higher  cost  than  an  equally  good  track  of  another  type.  The  con- 
struction of  the  road-bed  and  arrancjemeut  of  the  ballast  involves  con- 
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siderable  care  and  cost,  as,  owiuo-  to  the  difficulty  of  drainage,  special 
means  have  to  be  taken,  by  the  use  of  courses  of  huge  rough  stone  or 
diain-pipes,  to  carry  water  away  quickly.  Longitudinals  have  been 
adopted  for  the  city  railway  of  Berlin,  Germany,  having  been  proved 
the  best  for  reducing  the  noise  of  passing  trains  on  this  viaduct  line 
connecting  main  lines  of  railway.  It  was  originally  thought  that  longi- 
tudinals would  make  a  better  and  cheaper  track,  avoid  shocks  at  the 
rail-joints,  and,  by  their  long  bearing  in  the  ballast,  require  less  work 
of  maintenance.  Also,  that  lighter  rails  could  be  used  with  the  con- 
tinuous bearing.  It  is,  however,  difficult  to  maintain  the  ballast  so  as 
to  keep  a  continuous  and  even  bearing  inside  the  longitudinal.  The 
economy  in  material  by  the  use  of  longitudinals  is  reduced  or  neg- 
atived by  the  necessity  of  using  transverse  connections  ot  ties  or  tie- 
rods  to  hold  the  track  together  and  maintain  the  gauge.  This  system 
is  awkward  on  curves,  and  renewals  are  difficult.  Each  i^iece  must  be 
bent  hot  at  the  works,  or  have  the  holes  for  the  rail  fastenings  made  to 
fit  a  certain  radius  of  curve.  In  a  report  on  a  derailment  accident,  in 
May,  18S9,  on  the  East  Somerset  Division  of  the  Great  Western  Eail- 
way  (England),  the  track  of  which  was  laid  with  bridge  rails  on  longi- 
tudinal timbers  connected  by  transoois.  Colonel  Eich,  the  government 
inspector,  stated  that  it  is  difficult  to  know  if  longitudinals  are  thor- 
oughly packed  until  the  trackmen  watch  an  engine  passing  over  the 
places  which  have  been  under  repair,  as  the  stiffness  of  the  rail  and 
longitudinal  keeps  the  latter  level  when  it  may  not  be  properly  packed 
with  ballast  underneath. 

(3)  Bowls  and  plates  have  been  extensively  used  and  have  given  good 
results,  but  only  under  certain  conditions.  They  have  been  used  in 
India,  South  America,  South  Africa,  and  Egypt.  The  bowls  were 
originally  designed  for  sand  ballast,  which  answered  very  well ;  in 
India  trouble  was  experienced  from  the  sand  flying  up  through  the  tamp- 
ing holes  and  causing  injury  to  the  running  gear  and  journals  of  the 
rolling  stock,  but  a  few  inches  of  broken  stone  or  brick  reduced  this 
trouble.  With  broken-stone  ballast,  however,  this  track  did  not  answer 
well.  In  the  Argentine  Republic,  where  the  surface  soil  or  black  loam 
is  the  only  material  available  for  ballast,  the  bowls  have  been  used 
with  great  success 5  but  even  there  steel  cross-ties  are  now  being  intro- 
duced. The  objections  to  the  bowls  in  India  led  to  the  designing  of  a 
form  of  plates  (Denham-Olpherts  system)  with  which  good  results  have 
been  obtained.  It  is  not  likely  ihat  this  type  of  track  will  be  adopted 
to  any  extent.  The  type,  however,  is  said  to  be  the  most  economical  in 
material,  giving  ample  bearing  to  each  rail  and  eliminating  unneces- 
sary metal  between  the  rails.  This  may  be  correct  under  certain  con- 
ditions, as  with  very  light  traffic,  but  under  even  moderately  heavy, 
traffic  such  track  can  not  be  as  firm  or  stable  as  track  in  which  both 
rails  are  securely  attached  to  the  same  piece  of  metal.  The  transverse 
connection  is  necessarily  imperfect,  and  does  not  insure  the  correct  re- 
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lation  of  level  of  the  two  Hues  of  rails.  The  track  is  relatively  cheap, 
easily  laid  and  maintained;  the  latter  are  important  features  in  coun- 
tries where  skilled  labor  is  not  plentiful.  Bowls  were  first  designed  by 
Mr.  Greaves,  and  early  experience  showed  that  care  was  necessary  to 
have  the  holes  and  attachments  cast  accurately  as  to  size  and  position, 
and  the  holes  in  the  tie-bars  also  accurately  j^laced  ;  carelessness  in  this 
respect  has  caused  serious  trouble  on  some  roads  in  India. 

Material. — The  question  of  the  material  to  be  used  for  metal  track 
is  one  of  very  great  importance.  Cross  ties  were  at  first  made  of 
wrought  iron,  but  with  the  introduction  of  processes  for  making  mild 
steel  at  a  low  cost  this  material  began  to  be  used,  and  has  now  practi- 
cally superseded  iron.  The  engineer  of  the  Great  Central  Railway  of 
Belgium,  however,  considers  iron  preferable.  The  steel  used  is  made 
by  the  Bessemer,  Thomas,  or  Siemens-Martin  processes,  and  must  be  of 
a  mild  grade.  This  material  possesses  the  qualities  of  homogeneity, 
malleabilit3^,  and  ductility.  (As  several  translators  have  erred  on  this 
important  point,  I  may  mention  here  that  "  flusseiseu"  is  the  German 
technical  term  for  ''  mild  steel.")  Mr.  Post,  of  the  ^N'etherlands  state 
railways,  considers  that  the  metal  should  be  capable  of  resisting  a  ten- 
sile strain  of  25.4  to  28.6  tons  per  square  inch,  with  a  minimum  contrac- 
tion of  30  to  40  per  cent.  The  steel  for  ties  of  the  Indian  State  Rail- 
way pattern,  for  India,  for  the  Mexican  Railway,  and  for  the  Santa  Fe 
and  Cordoba  Great  Southern  Railway  in  the  Argentine  Republic,  is 
specified  to  be  equal  to  a  tensional  strain  of  between  26  and  31  tons 
per  square  inch,  with  a  contraction  of  40  per  cent,  of  the  tested  area  at 
the  point  of  fracture.  Mr.  F.  L.  Delano,  of  the  bureau  of  rail  tests, 
Chicago,  Burlington  and  Quincy  Railway,  states  that  he  considers  that 
the  kind  of  metal  which  it  would  be  safe  to  use  depends  considerably 
upon  the  shape  of  the  tie;  whether  from  its  shape  it  sustains  much 
flexure  in  use  or  is  pretty  stiff  and  rigid  ;  for  the  shapes  which  appear 
likely  to  come  into  general  use  he  thinks  that  a  .25  per  cent,  carbon 
Bessemer  steel  would  answer  the  purpose  well,  but  that  for  ties  which 
are  liable  to  considerable  flexure  a  milder  steel  would  probably  have  to 
be  used. 

Mr.  Bricka,  in  his  report  to  the  minister  of  public  works  (France)  in 
1885,  stated  that  the  tendency  to  fracture,  which  was  for  a  long  time 
considered  as  one  of  the  fundamental  objections  to  metal  ties,  had  dis- 
appeared since  the  employment  of  mild  steel;  the  ties  do  not  break 
even  in  cases  of  derailment.  In  some  such  cases  the  damaged  steel  ties 
were  straightened  out  to  proper  shape  and  put  back  in  the  track  where 
they  continued  to  give  good  service.  As  showing  the  malleability  and 
ductility  of  the  steel,  he  quotes  a  clause  generally  inserted  in  German 
specifications  for  mild  steel  ties,  which  explains  the  facility  with  which 
certain  forms  of  ties  requiring  bending  of  the  metals  are  made  in  Ger- 
many.   Some  engineers  consider  that  the  operations  mentioned  do  not 
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affect  tbe  strength  of  the  tie,  but  Mr.  Bricka  thinks  it  doubtful  if  the 
metal  does  not  suffer.     The  clause  referred  to  is  as  follows : 

A  tie  is  to  be  flattened  out  cold  under  a  steel  liauimer,  aud  then  bent  double  at  the 
middle,  so  that  the  diameter  of  the  circle  at  the  part  bent  shall  not  exceed  three 
inches.  During  the  operation  the  metal  must  not  show  any  break,  crack,  or  lami- 
nation, but  must  remain  intact. 

In  a  note  appended  to  his  report  aud  dated  October,  188G,  Mr.  Bricka 
gives  some  interesting  particulars  of  tests  made  on  ties  manufactured 
from  hard  steel,  suitable  for  rails,  showing  that  mild  or  soft  steel  is  not 
so  necessary  as  is  generally  believed.  The  tests  were  made  at  the  St. 
Kazaire  Works,  with  ties  of  the  latest  type  for  the  Northeastern  Rail- 
way of  Switzerland,  but  witli  the  top  table  .4  inch  thick  throughout. 
The  drop  tests  were  made  with  a  tie  resting  on  supports  3.508  feet 
apart,  which  sustained  without  breaking  or  cracking,  successive  blows 
of  a  ram  of  060  pounds  with  heights  of  drop  of  10  inches  to  6  feet  65 
inches ;  the  final  bends  were  only  6.08  inches.  The  pressure  tests  were 
as  follows : 

(1)  Tie  resting  flat  on  an  iron  surface,  the  load  applied  through  the 
flange  of  a  rail.  The  tie  sustained  no  sensible  permanent  deformation 
up  to  a  load  of  33,000  pounds;  then  the  deformation  began  and  con- 
tinued steadily  up  to  a  load  of  63,800  pounds ;  when  the  load  reached 
77,000  pounds  the  tie  was  flattened,  but  the  metal  showed  no  signs  of 
failure. 

(2)  The  tie  rested  on  supports  19 j^  inches  apart  and  was  loaded  at 
the  middle  as  before,  but  with  the  head  of  the  rail ;  the  load  was  raised 
to  35,000  pounds  without  permanent  set;  then  the  bending  began,  and 
with  41,000  pounds  was  .20  inch;  under  a  load  of  45,100  pounds,  de- 
formation began  and  continued  until  the  tie  was  flat  at  the  middle,  the 
arrangement  of  the  apparatus  not  i)ermitting  a  bend  of  more  than  6 
inches.  The  upper  table  was  then  put  into  shape  in  a  press  and  the 
sides  bent  till  the  tie  assuu^ed  somewhat  its  original  shape;  the  metal 
showed  no  cracks  or  other  signs  of  injury.  These  tests  show  that  ties 
of  hard  steel  will  support,  like  those  of  mild  steel,  the  shocks  of  engine 
and  car  wheels  in  a  derailment  without  breaking  and  without  being 
made  unfit  to  be  continued  in  use,  except  temporarily.  Hard  steel 
would  have  the  advantage  of  increased  rigidity  and  would  give,  if 
proper  care  were  takeu  in  piercing  the  holes  for  the  fastenings,  almost 
a  complete  guarantee  against  distortion  of  the  holes  by  wear. 

In  regard  to  the  injury  to  mild  steel  ties  in  case  of  derailment,  at  least 
one  railway  in  India  has  i)ut  up  an  hydraulic  press  for  the  purpose  of 
bending  to  shape  any  ties  that  may  be  bent  or  distorted  by  such  acci- 
dents. A  thickness  of  .52  inch  for  the  top  table  is  considered  to  be 
suflficient  to  withstand  the  blows  of  derailed  wheels,  A  cast-steel  tie, 
known  as  the  Sampan  tie,  has  been  patented  in  England.  For  longi- 
tudinals, wrought  iron  is  used  almost  exclusively,  though  perhaps  mild 
steel  may  l)e  employed  to  a  small  extent.  Bowls  are  usually  of  cast- 
iron,  but  pressetl  steel  has  been  used  in  India.     The  plates  used  in  India 
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are  of  cast-iron.  Wroiigbt-iroii  plates,  beut  to  form  practically  bowls, 
have  been  used  in  Egypt.  Cast-iron  is  generally  considered  unsuitable 
for  such  work,  but  it  has  been  very  extensively  employed  for  bowls  and 
plates  in  India,  South  America,  and  elsewhere,  with  satisfactory  results 
and  a  low  percentage  of  breakages. 

Form  and  Dimensions. — Different  methods  have  been  tried  for  giv- 
ing the  inward  inclination  of  1  in  17  to  1  in  2G  of  the  rails,  in  accord- 
ance with  the  verj'  general  practice  in  most  countries.  Cross-ties  were 
at  first  bent  to  a  curve,  but  that  resulted  in  a  tendency  of  the  track  to 
rock  if  the  ballast  was  packed  too  hard  in  the  middle  or  not  hard  enough 
under  the  rails ;  the  tie  also  tended  to  straighten,  which  thus  widened 
the  gauge.  To  obviate  these  objections,  the  ties  were  then  made  with 
the  middle  part  horizontal  and  then  bent  up  toward  the  ends,  which  bend- 
ing could  easily  be  done  with  steel  ties  :  this  was  a  great  improvement, 
but  the  ties  still  had  a  tendency  to  rock  under  the  trains.  The  hori- 
zontal tie  gives  the  best  results  in  stability  of  the  track,  and  to  allow  it 
to  be  used,  while  avoiding  the  necessity  for  tie-plates,  the  Hosch  Licht- 
hammer  plan  was  designed  in  Germany,  in  which  advantage  was  taken 
of  the  malleability  of  mild  steel,  and  the  top  table  of  the  tie  pressed  to 
the  desired  inclination  at  the  rail  seat.  In  the  Post  tie,  extra  metal  at 
the  rail  seat  gives  the  inclination  and  adds  to  the  strength.  In  the 
steel  ties  for  the  Indian  state  railways,  which  are  stamped  to  shape, 
the  top  table  is  bent  up  at  the  rail  seat  in  the  operation  of  stamping. 
Mr.  Bricka  suggested,  in  his  re[)ort,  that  it  would  be  simpler  to  modify 
the  shape  of  the  rail-flange  to  give  the  rail  the  desired  inclination.  This 
idea  has  been  suggested  by  other  engineers  at  various  times.  Ties  with 
the  top  table  horizontal  and  w  ith  tie-plates  to  give  the  rail  this  inclina- 
tion are  used  in  Holland,  Germany,  and  Austria,  but  generally  add  to 
the  complicated  character  of  the  track.  With  longitudinals  the  incli- 
nation is  usually  given  by  tie-plates,  or  by  tilting  the  longitudinal  by 
means  of  packing  pieces  or  saddles  on  the  cross-tie  connections.  With 
bowls  the  rail  seat  is  cast  at  the  required  inclination.  In  this  country, 
where  the  rails  are  laid  without  such  inward  inclination,  no  bending  or 
tie-plates  would  be  required  for  this  purpose. 

The  cross-section  of  nearly  all  the  cross-ties  employed  to  any  extent 
is  derived  from  the  type  invented  by  the  French  engineer,  Yautherin, 
the  first  trials  of  which  were  made  about  twenty-five  years  ago,  on  the 
Paris,  Lyons,  and  Mediterranean  Eailway  (France).  This  type  has  a 
flat-top  table,  inclined  sides  flaring  outward  from  the  top  and  with  nar- 
row horizontal  flanges  on  the  bottom  edges ;  it  formed  with  closed  ends 
an  inverted  trough  filled  with  ballast.  The  flat-top  table  furnished  a 
good  seat  for  a  rail  flange,  tie-plate,  or  chair,  but  the  lower  flanges  were 
objectionable,  reducing  the  stability  of  the  track  by  preventing  the 
proper  settling  of  the  tie  in  the  ballast  and  not  being  wide  enough  to 
give  any  bearing  in  the  ballast;  this  objection  was  not  felt  Avith  fine  sand 
ballast.    To  obviate  this  difficulty  some  engineers,  including  those  of 
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the  Alsace-Lorraine  railway  and  Wnrtemburg  state  railways,  in  Ger- 
niauy,  moditied  the  original  plan  by  substituting  for  the  tiange  a  rib  of 
triangular  section;  this  did  not  diminish  the  moment  of  inertia  of 
the  tie,  but  it  i)rotected  the  edges  froui  damage  by  blows  wheu  being 
tamped.  Another  moditication,  forming  what  was  known  as  the  Berg- 
and-Mark  type  of  tie  (Prussian  state  railways),  consisted  in  abandoning 
the  bottom  flange  or  rib,  and  bending  the  lower  part  of  each  side  to  a 
vertical  position;  this  answered  very  well,  the  tie  bedding  itself  well 
in  the  ballast  and  having  less  tendency  to  shift  than  if  the  sides  were 
incliniMl  !or  their  whole  depth.  This  again  was  modilieti  by  inclining 
the  vertical  part  of  the  side  slightly  outward,  the  change  in  direction 
being  made  by  curves  instead  of  angles,  and  adding  a  rib  to  the  bottom 
edges.  In  the  Haarmaun  system  the  top  table  iscomparatively  narrow 
and  the  sides  nearly  vertical,  with  wide  flanges  at  the  bottom  ;  the  edges 
of  these  flanges  are  turned  down  slightly  to  retain  the  ballast.  The 
ends  are  closed  by  riveted  plates.  Mr.  Bricka,  in  his  report,  stated  that 
the  objections  were,  the  difficulty  of  ballasting  the  raised  part,  the 
chance  of  breakage,  and  the  less  height  for  equal  weight  than  ties  with 
inclined  sides.  The  Hilf  type  has  a  middle  flange  or  rib  along  the 
under  side  of  the  top  table.  The  Post  type  has  the  sides  flaring  out  in 
two  planes,  the  cross-section  being  a  portion  of  a  polygon.  The  Indian 
type  is  rounded,  having  a  flat  top  and  curved  sides  at  the  rail  seat,  and 
an  arch  section  at  the  middle.  The  ties  of  these  ty[)es  on  different  rail- 
ways vary  of  course  in  details  of  section,  thickness,  etc.  The  tie  of  the 
Standard  Metal  Tie  Company,  Xew  York,  and  one  tried  on  the  Eastern 
Railway  of  France,  are  channels  laid  in  the  normal  position  with  the 
open  side  upward  ;  the  bottom  is  flat  and  the  sides  are  vertical  in  each 
case.  The  Bernard,  Severac,  Lavalette,  and  some  other  cross-ties  are 
built  up  of  angles,  channels,  beams,  and  plates. 

The  system  of  metal  longitudinals  includes  the  Macdonnell,  in  Eng- 
land; the  Hartwich,  Haarmann,  Hilf,  and  Rhenish,  in  Germany;  and 
the  Hohenegger  and  Serres-and-Battig  in  Austria. 

In  regard  to  the  thickness  of  the  metal,  this  has  been  too  often  re- 
duced so  much,  in  order  to  reduce  weight  and  cost,  that  the  tie  cracks 
or  splits  after  being  in  service  for  a  comparatively  short  time.  It  has 
been  customary  to  make  the  metal  of  uniform  thickness  throughout  the 
length  of  the  tie,  but  Mr.  Post's  tie  (Holland)  has  been  designed  to  give 
an  economical  distribution  of  metal ;  the  rail  seats  are  of  extra  thick- 
ness to  insure  ample  strength,  additional  metal  is  added  at  the  holes 
for  the  fastenings,  and  the  middle  of  the  tie  is  made  only  thick  enough 
to  give  the  necessary  strength  and  stiffness ;  these  variations  of  thick- 
ness are  given  during  the  operation  of  rolling. 

Mr.  J.  W.  Jones,  of  the  Indian  vstate  railways,  writes  as  follows  in 
regard  to  this  point : 

Railway  engineers  would  do  well  by  refusing  to  have  anything  to  do  with  ties 
which  are  only  three-eighths  inch  thick;  oue-half  inch  thick  give  much  better  re- 
sults and  are  cheaper  in  the  end. 
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A  thickness  of  0.52-iiicli  is  now  very  generally  used  in  Germany  for 
the  middle  portion  of  tbe  top  table  of  the  cross-ties.  Experience  on  the 
Wurtemburg  state  railways  (Germany)  is  said  to  have  shown  that  an 
iron  cross  tie  with  metal  one-half  inch  thick  stood  an  ordinary  dorail- 
nient  very  well  without  alteration  of  the  gauge  or  any  serious  deforma- 
tion, while  ties  in  which  the  thickness  of  the  body  had  been  reduced  to 
eleven-thirty-seconds  inch,  with  strengthening  rib,  were  so  badly  de- 
formed by  the  same  derailment  as  to  require  to  be  renewed.  In  his  re- 
port of  1885,  Mr.  Bricka  (France)  stated  that  the  thickness  averaged 
about  0.32  or  0.36  inch,  but  was  as  low  as  0.24  inch  in  the  parts  subjected 
to  the  least  strain ;  at  the  rail  seat  it  was  rarely  less  than  0.32  inch,  and 
was  sometimes  as  much  as  0.40  inch.  The  tendency  has  been  to  increase 
those  dimensions,  as  it  has  been  observed  that  under  the  passage  of 
trains  there  is  less  vibration  and  noise  with  the  heavier  than  with  the 
lighter  ties  j  and  this  stability,  which  causes  greater  economy  of  main- 
tenance, is  attributed  largely  to  the  extra  thickness  of  the  metal. 
Special  advantages  in  stability  and  in  maintaining  a  good  bed  or  ballast 
under  the  rail  seats  are  claimed  for  the  Post  and  other  systems  in  which 
the  tie  is  made  narrow  and  deep  at  the  middle. 

Weight. — This  is  too  frequently  sacrificed  to  mistaken  ideas  of 
economy,  with  expensive  results  In  the  first  place,  the  metal  must  be 
thick  enough  to  stand  the  shocks  and  vibration  to  which  the  ties  are 
subjected  in  service  without  cracking.  In  the  second  place,  the  tie  mu?t 
be  strong  enough  as  a  beam;  otherwise  it  will  give  way  and  become 
distorted  under  the  traffic.  In  the  third  place,  the  tie  must  have  weight 
enough  to  hold  the  track  down  firmly,  making  it  solid  and  stable.  In 
several  designs  of  ties  the  metal  is  very  thin,  the  metal  being  strength- 
ened by  corrugations.  The  designers  probably  lost  sight  of  the  third 
requirement  above  mentioned  or  did  not  understand  its  significance. 
It  is  probable  that  the  corrugations  might  in  themselves  be  the  cause 
of  failure  of  the  tie,  cracks  starting  at  the  angles  of  the  corrugations, 
as  has  been  found  to  be  the  case  in  South  Australia  and  elsewhere. 
The  cause  of  these  attempts  to  reduce  weight  is  the  eagerness  of  in- 
ventors to  produce  a  cheap  tie  which  will  appeal  to  the  financial  side 
of  railway  companies.  If  the  reduction  in  weight  is  carried  too  far, 
and  a  very  little  may  be  too  far,  the  tie  will  be  a  dear  one,  as,  even  if 
it  does  not  crack  or  otherwise  fail,  it  will  make  a  loose  track,  requiring 
continual  attention  and  tamping,  instead  of  effecting  a  reduction  in 
maintenance.  This  point  is  briefly  discussed  in  my  remarks  on  Mr. 
Post's  paper  on  ^^  Steel  Ties"  (Bulletin  No.  Ill,  page  35).  It  may  be 
noted  with  advantage  that  in  Germany  it  has  been  found  generally  de- 
sirable to  use  ties  of  greater  weight  than  those  first  adopted,  as  the 
cost  of  maintenance  was  thereby  reduced.  In  England  too  it  has  been 
found  that  a  certain  weight  is  necessary  in  order  to  give  the  tie  a  hold- 
ing or  anchorage  in  the  ballast.  This  is  the  general  experience  else- 
where. These  results  of  experience  show  that  the  various  attempts 
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made  by  inventors  to  reduce  the  material  and  weight  to  a  n,inimum, 
without  considering  some  imperative  conditions,  are  not  steps  in  the 
way  of  improvement,  but  tend  to  throw  discredit  on  metal  track  in 
general  and  to  render  inetiicient  some  forms  of  ties  v  hich  might  other- 
wise be  of  some  merit.  A  very  large  number  of  failures  of  metal  ties 
are  due  to  too  light  weight. 

The  engineers  of  the  Bavarian  state  railways  consider  that  a  weight 
of  139  pounds  should  be  the  minimum  for  ties  for  lines  with  ordinary 
traffic.  Mr.  Heindl,  the  inventor  of  the  ties  used  on  the  Austrian  state 
railways,  considers  175  pounds  the  minimum  under  heavy  traffic  on 
main  lines.  In  view  of  experience  elsewhere,  however,  this  seems  to 
be  too  heavy.  Both  Mr.  Post  and  Mr.  Bricka  consider  that  the  steel 
ties  of  the  Post  type  iu  use  on  the  Belgian  State  Railways  are  too 
heavy,  but  I  am  informed  that  they  were  adopted  on  account  of  the 
great  weight  of  some  enormous  locomotives  which  haul  over  these  lines 
the  "  overland"  train  between  Ostend  and  Brindisi.  In  a  pa[)er  pub- 
lished iu  the  bulletin  of  the  society  of  civil  engineers,  France,  April, 
J 885,  Mr.  Post  stated  that  some  engineers  sent  to  England  to  exaniine 
the  railways  attributed  too  great  an  influence  to  the  weight  of  the 
track,  and  arbitrarily  condemned  metal  ties  because  they  calculated  that 
the  wooden  ties  were  heavier.  But  in  order  to  give  the  correct  value 
of  this  argument,  it  is  necessary  to  know  the  actual  weights  of  ties  of 
different  ages,  and  some  lots  of  oak  ties,  taken  at  random  from  the 
tracks  of  the  Belgian  state  railways  and  the  Netherlands  state  railways, 
were  therefore  weighed.  The  new  ties  showed  a  variation  of  42  per  cent., 
the  heaviest  weighing  173.8  pounds  and  the  lightest  90  pounds,  or  IL 
pounds  lighter  than  the  110-pound  steel  ties  which  had  been  in  service 
for  some  years.  Of  the  old  wooden  ties  at  the  end  of  their  service 
there  was  a  variation  in  weight  of  ';^2  per  cent.,  the  heaviest  weighing 
114.4  pounds  and  the  lightest  77  pounds,  or  33  pounds  less  than  the  steel 
ties.  The  weight  of  the  wooden  ties  diminishes  materially  with  age,  by 
losing  the  sap,  etc.,  by  which  the  width  of  the  tie  and  the  bearing  of 
the  rail  are  reduced,  and  the  average  weight  is  only  129.8  pounds  for 
new  and  99  pounds  for  old  ties.  These  figures  show  the  weakness  of 
the  argument  in  favor  of  wooden  ties  on  account  of  their  weight. 

Mr.  Bricka,  in  his  report  of  1885,  stated  that  at  first  cross-ties  had  a 
weight  of  only  about  77  to  88  pounds,  owing  to  a  desire  for  cheapness, 
but  experience  showed  this  to  be  insufficient.  German  and  Dutch  en- 
gineers have  estimated  that  the  work  of  maintenance  is  less  with  heavy 
ties  than  with  light  ones,  and  have  increased  the  weight  to  99  or  110 
pounds.  Ties  weighing  129.8  pounds  have  been  used  on  the  Wiirtem- 
berg  state  railways,  138.6  pounds  on  the  Bavarian  state  railways,  and 
132  to  154  pounds  on  the  Austrian  state  railways.  According  to  the 
opinion  of  many  engineers,  tlange  rails  on  110-pound  steel  ties  make  a 
very  satisfactoiy  track  5  superior  to  track  on  wooden  ties.  The  standard 
weight  might  be  between  110  and  132  pounds,  and  even  the  latter  fig- 
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lire  might  be  exceeded  in  exceptional  cases  of  heavy  and  fast  traffic. 
He  comments  upon  the  heavy  Heindl  ties  used  on  tlie  Austrian  state 
railways,  that  the  noisy,  destrnctive,  and  unpleasant  vibrations  are 
not  exp(^rienced  with  ties  of  sufficient  weight.  This  is  an  imimrtant 
point,  as  the  absence  of  such  vibration  tends  to  lessen  the  disturbance 
of  the  track  and  consequently  the  work  of  maintenance. 

Accordiii.u'  to  an  article  in  tlie  Indian  Engineer,  of  Calcutta,  August 
1,  1888,  ten  ties — the  usual  number  tor  a  rail  length  of  30  feet — weigh- 
ing 120  pounds  each,  will  cost,  at  $'M)  per  ton,  or  $1.68  each,  $10.80; 
while  by  increasing  the  weight  to  108  pounds  per  tie  the  ten  ties  would 
cost,  at  the  same  late  per  ton,  $22.50  j  but  if  the  latter  will  last  thirty 
years  under  conditions  of  traffic  which  will  wear  out  the  former  in 
twenty  years,  the  cost  of  material  for  the  heavier  track  for  sixty  years 
will  be  $45  against  $50.40  for  the  lighter  track,  or  a  saving  of  nearly 
$1,000  per  mile,  besides  the  saving  in  renewals  and  the  advantage  of  a 
more  stable  track  by  the  use  of  the  heavy  ties. 

Ties  open  at  the  top  and  filled  with  or  buried  in  the  ballast  have  their 
weight  in  the  track  very  largely  increased.  Of  this  type  are  the  Severac, 
Bernard,  aud  '^Z"  ties  in  Belgium  ;  the  channel  tie  of  the  Eastern  Rail- 
way of  France,  and  the  "  Standard"  tie  now  being  tried  in  this  country. 

Manufacture  of  Ckoss  ties. — Cross-ties  of  trough  section  are 
either  rolled  or  stamped  to  shape.  The  wrought-iron  and  many  of  the 
steel  ties  are  rolled,  but  large  uumbers  of  steel  ties  are  stamped  to 
shape  in  hydraulic  presses  from  flat  or  bent  plates.  The  steel  ties  of 
the  Indian  state  railways  pattern  are  made  of  plates  rolled  to  the 
rounded  channel  section,  which  are  cut  into  lengths;  eacli  length  is 
then  put  into  one  press  which  shapes  the  ends,  and  then  into  another 
press  which  stamps  the  lugs  for  rail  fastenings.  The  Phillips  steel  ties 
used  in  Queensland  are  stamped  to  shape  from  flat  plates.  Of  the  steel 
ties  now  being  used  in  this  country  the  "Hartford"  and  "International" 
ties  are  rolled,  while  the  "  Standard "  ties  are  stamped  by  hydraulic 
presses. 

There  should  be  as  little  working  of  the  metal  as  possible,  as  all  such 
working  tends  to  disturb  the  molecular  construction  of  the  metal  and 
to  reduce  its  strength.  Annealing  has  been  tried  on  the  Netherlands 
state  railways  with  success  from  a  technical  point  of  view,  but  the 
operation  is  generally  too  expensive. 

In  designing  a  tie  its  manufacture  should  be  taken  into  account,  as 
all  handling  and  all  additional  shop-woik  adds  considerably  to  the  cost 
of  its  manufacture.  Ties  in  which  much  riveting  is  required,  as  in  the 
Webb  tie  in  England,  the  Severac  and  Bernard  ties  in  Belgium,  etc., 
are  not  likely  to  come  into  general  use.  As  has  already  been  stated, 
the  ties  of  the  simplest  form  have  the  best  chance. 

In  Germany  and  Holland,  and  probably  in  other  countries,  the  con- 
tracts for  metal  ties  contain  a  "  guarantee"  clause  similar  to  the  Euro- 
pean contract  system  of  guaranteeing  rails.     This  clause  requires  the 
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niaimfactnrer  to  replace  all  ties  wbicli  breaker  show  defects  daring  a 
certain  term  of  years  ;  generally  three  or  five.  This  helps  to  secure 
better  material  and  more  careful  manufacture,  and  any  hidden  defects 
which  escape  notice  during  inspection  will  almost  certainly  show  them- 
selves within  the  guaranty  term. 

Preservatiye  Treatment.— In  some  cases  the  ties  are  used  as 
they  come  from  the  rolls  or  press;  in  other  cases  they  are  dipped  in 
or  ])ainte(l  with  tar,  oil,  or  some  comi)osition.  The  object  of  this  treat- 
ment is  to  prevent  rust  or  corrosion.  In  open  line  and  inordinary  bal 
last  there  is  not  much  dauger  of  corrosion,  but  it  is  liable  to  occur  in 
tunnels  or  damp  places,  and  in  slag  or  cinder  ballast ;  this  is  due  largely 
to  the  sulphuric  acid  and  carbonic  acid  in  the  ashes,  slag,  and  smoke. 
In  a  paper  on  "  Steel  Ties,"  by  Mr.  Muuday,  A.  M.  Inst.  C.  E.,  read  be- 
fore the  Civil  and  Mechanical  Eiigineers'  Society  (Loudon),  in  Jan- 
uary, 1888,  it  was  stated  that  all  ties  should,  if  possible,  be  dipi)ed  while 
hot  in  a  preservative  solution.  But  as  this  can  not  be  doue  with  rolled 
ties  without  reheating  them,  the  solution  should  be  ke})t  at  boiling 
point  by  a  steam  coil.  Kapid  drying  is  an  advantage  obtained  by  dip- 
j)ing  hot,  as  wet,  dirty  freight  and  the  smell  of  the  wet  solution  are 
objected  to  on  board  ship  ((or  export),  while  in  some  cases  the  dock 
laborers  have  refused  to  handle  the  slimy  metal  sent  down  from  the 
works.  Pressed  ties  can  be  taken  hot  from  the  press  to  the  bath,  care 
being  taken  not  to  set  fire  to  the  infiammable  mixture.  If  dipped  cold 
it  should  be  done  some  time  before  shipping,  so  that  a  sufficient  quantity 
for  a  cargo  may  be  stacked  and  dried.  A  solution  recomnjended  for 
ties  and  rails  is  as  follows  :  Two  gallons  of  boiled  tar,  one-half  gallon  of 
mineral  turps,  1  gallon  of  vegetable  oil.  The  tar  is  boiled  first,  and  the 
other  ingredients  then  well  mixed  in.  The  turps  constitute  the  drier, 
and  the  larger  the  proportion  of  this  the  quicker  the  drying  is  effected; 
but  as  it  is  highly  inflammable  great  care  must  be  taken  in  dipping 
hot  metal.  The  composition  invented  by  the  late  Dr.  Angus  Smith 
(England)  and  well  known  by  his  name,  is  a  solution  of  coal  pitch  in  coal 
tar  naphtha;  it  may  be  used  as  a  paint  or  bath,  and  the  metal  should 
be  hot.  There  is  also  a  composition  consisting  of  pitch  and  tar  with  a 
little  tar  oil  and  dry  lime;  rock  nsphaltum  melted  up  and  mixed  with 
this  gives  body  and  sets  hard  like  enamel.  A  black  varnish  solution  is 
used  for  the  steel  ties  of  the  Indian  state  railways  pattern.  The 
^'  Hartford  "  ties,  on  the  New  York  Central  Railway,  are  treated  with 
Dr.  Angus  Smith's  asphah  composition,  applied  at  a  temperature  of 
300  degrees  Fahrenheit. 

Fastenings. — In  any  system  of  track  it  is  desirable  to  have  as  few 
separate  parts,  and  as  few  different  or  special  kinds  of  parts,  as  possi- 
ble. An  increase  in  the  number  not  only  increases  the  labor  and  cost 
of  track  laying  and  maintenance,  but  it  is  the  general  exi)erience  of  the 
perverseness  of  things  that  the  right  pieces  are  not  at  hand  when 
wanted.     The  forgetting  or  delnying  to  send  a  keg  of  special  bolts, 
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clamps,  etc.,  such  as  are  sometimes  required  at  curves  or  in  other  places, 
mny  seriously  interfere  with  the  work.  In  this  respect  the  steel  tra<;k 
of  the  Indian  state  railways,  and  of  the  local  railways  of  Belgium,  pre- 
sents many  advantages;  the  ties  and  two  steel  keys  to  each  tie  being 
all  the  material  required  on  any  part  of  the  line.  Where  different 
degrees  of  adjustment  of  the  gauge  are  effected  by  different  sizes  of 
clamps,  washers,  etc.,  the  system  is  still  more  troublesome  and  compli- 
cated, but  at  the  same  time  it  must  be  remembered  that  with  metal  ties 
the  fastenings  are  supposed  to  require  far  less  attention  than  those  with 
wooden  ties.  With  a  proper  fastening  there  should  be  no  vibration  to 
cause  noise,  rattling,  and  wear;  and  experience  has  shown  that  such 
fastenings  can  be  made.  Where  double-headed  rails  are  used,  they 
may  be  carried  in  special  cliairs,  as  on  the  London  and  Northwestern 
Railway  (England),  and  the  Western  Railway  (France,)  or  in  ordinary 
chairs,  as  on  the  Midland  Railway  (England),  the  state  railways, 
(France),  etc.  Little  need  be  said  on  this  point,  as  the  double-headed 
or  bull-headed  sections  of  rails  are  never  likely  to  be  introduced  into 
tins  country  for  regular  service,  and  their  use  in  other  countries  is  com- 
j)aratively  limited. 

The  ordinary  flange  rails  may  be  secured  direct  to  the  ties  by  differ- 
ent forms  of  fastenings,  as  follows: 

1.  Bolts  and  clamps. 

2.  Bolts,  rivets,  and  clamps. 

3.  Keys. 

4.  Gibs  and  cotters. 

5.  Rivets. 

(1)  Bolts  and  clamps. — With  many  systems  of  metal  track  thefasteuings 
consist  of  bolted  clamps.  The  heads  of  the  bolts  are  usually  tee-shaped 
(J.),  so  that  they  can  be  inserted  froai  above,  through  a  slot  in  the  top 
table  of  the  tie.  The  bolt  passes  through  a  loose  clamp  which  holds 
the  flange  of  the  rail,  and  the  nut  is  screwed  down  upon  the  clamp;  a 
washer  or  nut-lock  is  usually  interposed,  but  by  the  use  of  a  grip  thread 
on  the  bolt  the  nut-lock  may  perhaps  be  dispensed  with,  except  under 
severe  conditions  of  traffic,  making  four  pieces  less  to  each  tie.  The 
bolts  are  usually  seven-eighths  inch  or  1  inch  in  diameter,  and  the  nuts 
should  be  of  ample  depth,  so  as  to  give  a  large  thread-bearing.  Various 
forms  of  clamps  are  used;  in  some  cases  the  clamp  bears  on  the  rail 
and  the  top  of  the  tie,  leaving  the  bolt  to  resist  the  thrust  of  the  rail; 
in  other  cases,  as  in  the  Ruppel  system,  widely  used  in  Germany,  a  lug 
on  the  clamp  fits  into  the  bolt  hole  in  the  tie,  and  so  relieves  the  bolt. 
In  the  Roth-and-Schuler  system,  used  on  the  Baden  state  railways  and 
with  the  latest  form  of  tie  ou  the  Netherlands  state  railways,  a  rectan- 
gular washer  rests  on  the  tie  and  transmits  the  thrust  of  the  rail  to  the 
bolt,  and  a  clamp  holds  the  rail  and  keeps  the  washer  in  position.  The 
advantage  of  a  bolt  fastening  is  that  it  gives  a  firm  hold  and  can  be 
easily  slackened  or  tightened. 
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(2)  Bolts,  rivets,  and  clamps. —  In  some  systems  of  metal  track  one 
side  of  the  rail  is  held  by  a  riveted  clcun[)  and  the  other  by  a  bolted 
clamp,  the  latter  being  generally  on  the  inner  side  of  the  track.  This 
l)lan  is  in  use  in  Queensland,  Australia. 

(3)  Keys. — A  fastening  which  has  been  found  very  efficient  consists 
of  a  taper  steel  key  driven  horizontally  between  the  rail  tlange  and  a 
lug  on  the  tie  or  on  a  chair  carrying  the  rail.  The  other  side  of  the 
flange  is  held  by  a  lug.  The  end  of  the  key  or  wedge  is  split,  so  that 
it  can  be  opened  out  or  expanded  by  a  chisel  after  it  has  been  driven 
to  a  bearing,  and  so  prevented  from  slacking  back.  This  fastening  is 
used  with  steel  ties  in  Belgium,  India,  Africa,  and  Mexico,  and  has 
given  excellent  results  as  to  security  and  noiselessuess.  A  similar 
style  of  fastening  is  used  with  cast-iron  bowl  ties  in  South  America,  an 
iron,  wooden,  or  coiled  steel  key  being  driven  between  the  rail  and  a 
lug  cast  on  the  bowl ;  as  the  lug  was  liable  to  be  broken,  a  loose  lug  of 
wrought  iron  or  steel  is  now  used,  being  inserted  in  a  socket  in  the 
bowl;  a  cast-iron  key  is  used  and  bears  against  the  web  and  flange  of 
the  rail. 

(4)  Gibs  and  cotters, — Gibs  held  up  to  the  rail  by  a  vertical  cotter 
driven  into  a  slot  in  the  top  of  the  tie,  were  among  the  earliest  forms  of 
fastenings  used  in  Germany  ;  they  did  not  then  prove  satisfactory,  as 
the  vibration  jarred  the  parts  sufficiently  to  loosen  them,  so  that  there 
was  considerable  noise  and  rattling  under  passing  trains,  while  the  jar- 
ring frequently  resulted  in  the  cracking  of  the  tie.  In  India,  fastenings 
of  this  pattern  sometimes  rusted  together,  so  that  they  could  not  be 
moved  without  breaking  them  off;  a  fastening  with  cast-iron  gibs  was 
designed  there,  but  never  introduced  to  any  exteiit.  In  Germany  and 
Switzerland,  improved  fastenings  are  now  used,  with  an  extra  gib  to 
give  a  good  bearing  for  the  back  of  the  cotter,  and  as  the  metal  of  the 
tie  is  thickened  at  the  holes  for  the  fastenings,  there  is  no  trouble  from 
breakage ;  these  improved  gib  and  cotter  fastenings  are  reported  to 
give  satisfaction.  With  the  Denham  Olpherts  plate  tie,  used  in  India, 
there  is  a  fixed  lug  or  jaw  on  one  side  of  the  rail  and  on  the  other  side 
is  a  loose  jaw  which  is  held  in  place  by  a  horizontal  cotter  which  secures 
the  tie-bar. 

Rivets. — Riveting  the  rails  direct  to  the  ties  is  only  practicable  for 
portable  railways,  but  some  systems  of  metal  track  have  been  designed 
in  which  riveted  clips  are  used,  the  rails  being  sprung  into  position.  A 
fastening  described  in  "  Les  Annules  des  Travaux  Publics,"  Paris, 
April,  1888,  consisted  of  two  rail  clamps  of  eccentric  form,  riveted  to 
the  tie  in  such  a  way  that  they  could  turn  on  the  rivet.  The  rail  being 
put  in  place  the  clamps  are  turned  round  by  a  special  wrench  or  l>ar, 
bringing  the  projecting  part  over  the  rail  flange  ;  when  in  position,  a  pro- 
jection on  the  outer  side  of  the  clamp  fits  into  a  notch  in  a  horizontal 
spring  on  the  top  of  the  tie.  A  somewhat  similar  plan  of  loose  riveted 
clips  has  been  designed  by  Mr.  Moore  for  use  with  cast-iron  ties  ia 
India. 
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Tie  Rods. — With  bowl  or  plate  ties,  tiausv^erse  tie-rods  or  tie  bars 
are  required,  to  hold  the  parts  together  and  to  inaiiitaia  the  gauge. 
Fhit  ^Yrought-irou  bars  are  generally  used,  placed  on  edge  and  passing 
into  or  througli  the  bowl  or  plate;  they  are  secured  by  gibs  and  cotters 
or  by  cotters  only.  These  are  used  in  India,  Africa,  and  South  Amer- 
ica. In  the  De  Bergue  system,  used  in  Spain,  (and  tried  in  India)  the 
tie  bar  is  underneath  the  bowls,  being  held  by  lugs  and  U-bolts.  In 
tlie  phite  ties  used  in  India,  the  bars  pass  through  the  upper  part  of 
tlie  plate  which  forms  the  rail  seat,  and  are  secured  b^^  a  horizontal  flat 
cotter.  On  the  Calcutta  Port  Kailway,  India,  the  tie  bars  are  fastened 
to  tlie  rail  flange  by  bolted  clamps,  being  quite  independent  of  the 
bowls. 

With  metal  longitudinals,  the  two  lines  of  longitudinals  have  to  be 
tied  together,  and  various  forms  of  cross-tie  connections  have  been 
used  in  Germany  and  Austria.  In  some  cases  y  or  angle-irons  are 
used,  while  heav^y  cross-ties  of  the  same  section  as  the  longitudinals 
have  been  used  at  the  joints  of  the  latter.  These  heavy  connections, 
however,  have  been  found  to  make  the  track  too  rigid,  causing  a  bat- 
tering of  the  rails  at  the  joints  and  an  increased  wear  of  the  rolling- 
stock.  Tie  rods  are  also  used  to  maintain  the  gauge ;  they  are  tapped 
into  or  passed  through  the  webs  of  the  rails  and  secured  by  nuts;  in 
some  cases  they  are  of  round  iron  and  in  other  cases  flat  with  round 
ends. 

Metal  Contact. — A  common  objection  is  that  metal  track  ^ill  be 
noisy  and  unpleasant  to  ride  over,  owing  to  the  metal  contact  of  the 
rails  and  ties.  Various  methods  have  been  tried  and  suggested  to  ob- 
viate this,  but  where  good  fastenings  which  will  keep  tight  are  used, 
there  is  not  found  to  be  any  necessity  for  such  precaution.  Mr.  George 
E.  Moore,  deputy  consulting  engineer  of  railways,  India,  states  that 
wooden  packing,  asbestos  sheets,  tarred  canvass,  etc.,  have  been  tried 
and  found  of  no  value.  The  Great  Indian  Peninsula  Kailway,  after 
several  years  of  experiment,  has  gone  back  to  iron  on  iron,  and  finds 
the  results  quite  satisfactory.  It  is  principally  a  matter  of  getting  the 
fastenings  tight  and  keeping  them  so.  Linoleum  has  been  suggested 
in  Belgium.  With  the  steel  ties  of  the  London  and  Northwestern  Rail- 
way, England,  tarred  paper,  forming  a  tough  leathery  material,  is  used 
between  the  rivete  '  plates.  Some  of  the  bolt-fastenings  used  are  found 
lo  keep  sufficiently  tight,  and  with  the  key  fastenings  of  the  Indian  State 
Railway  steel  ties  and  the  Z-irou  ties  in  Belgium,  the  fastening  is  found 
to  be  very  efficient  in  this  respect.  On  a  section  of  the  Northern  Rail- 
way, Austria,  where  one  track  was  laid  with  wooden  ties  and  the  other 
with  metal  ties,  it  is  reported  that  the  noise  of  the  passing  of  trains  was 
no  more  disagreeable  with  one  system  than  with  the  other;  showing 
that  with  metal  ties  and  fastenings  of  good  shape  and  proper  weight 
no  trouble  from  noise  or  vibration  need  be  experienced.  l\\  several 
cases  it  is  spi^cifically  reported  that  there  is  no  trouble  from  noise  or 
uneasy  riding  of  the  cars.  /^ 
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Adjust:vient  of  Gauge. — Where  metal  ties  are  to  be  applied  to  any 
great  leugtli  of  track  it  is  uecessarj'  to  provide  some  means  for  widen- 
ing the  gauge  at  curves,  etc.  VVitti  bowls  this  widening  is  effected  by 
the  use  of  different  sizes  of  cotters  in  the  ends  of  the  tie  bars  ;  this  has 
the  objection  of  increasing  the  number  of  separate  pieces  required,  but 
to  obviate  this  Mr.  Schwarz,of  the  Burrakur  Iron  Works,  India,  proposes 
to  use  cotters  or  keys  made  of  different  widths  in  ''  steps"  or  "  offsets," 
so  that  one  set  of  cotters  will  give  the  required  variation  in  gauge. 
With  longitudinals  the  adjustment  is  effected  usually  by  means  of  the 
rail  fastenings.  With  cross-ties,  where  bolts  are  used,  the  adjustment  is 
effected  either  by  eccentric  necks  on  the  bolts,  as  on  the  Netherlands 
state  railways;  by  eccentric  washers,  as  on  the  Baden  state  railways 
and  Netherlands  state  railways  ;  or,  where  the  clamps  have  lugs  fitting 
into  holes  in  the  tie,  by  means  of  rail  clamps  with  different  sized  lugs, 
as  on  several  Gerjnan  railways.  With  the  first  plan  mentioned  two  sets 
of  bolts  are  required,  one  for  tangents  and  on  curves,  and  the  other  at 
the  extremities  of  curves,  etc.  The  bolts  are  marked  on  the  ends,  vso 
that  the  ordinary  and  special  bolts  can  be  easily  distinguished,  and  in 
such  a  manner  that  the  inspector  walking  along  the  track  can  see  if  the 
proper  bolts  are  used  and  are  properly  placed.  With  the  clamp  fasten- 
ings on  some  of  the  German  railways  six  sizes  of  clamps  are  used,  and 
are  distinguished  by  stamped  figures  :  No.  0,  on  the  outside  of  the  rail, 
has  no  projection  on  the  lug  in  the  bolt-hole;  No.  1,  has  a  projection  of 
one-twelfth  inch  ;  No.  2,  one  sixth  inch;  No.  3,  one-fourth  inch  ;  No.  4, 
five  sixteenths  inch  ;  No.  5,  five-twelfths  inch.  This  makes  a  very  com- 
plicated arrangement,  and  can  only  be  successfully  carried  out  where 
the  trackmen  and  section  bosses  are  carefully  instructed  and  trained. 
In  this  country,  with  the  class  of  labor  frequently  employed,  it  would 
almost  certainly  be  a  failure.  Even  with  skilled  labor  such  a  system  is 
net  to  be  recommended,  as  under  any  circumstances  the  simplest  ar- 
rangement possible,  with  due  regard  to  efficiency,  is  the  most  desirable. 
With  gib  and  cotter  fastenings  the  adjustment  is  effected  by  using 
gibs  of  different  widths.  It  is  usually  the  outer  gib  and  the  small  gib 
at  the  back  of  the  cotter  which  are  made  in  difiierent  sizes.  On  the 
Elberfeld  division  of  the  Prussian  state  railways  the  outer  gib  is 
either  ||,  Ifg,  or  IJ  inches  wide,  and  the  small  gib  either  ^,  f,  or  f  inch 
wide.  The  above  remarks  as  to  complication  apply  almost  equally  to 
this  plan.  With  key  fastenings  the  adjustment  is  effected  by  putting 
one  or  both  of  the  keys  on  the  outer  side  of  the  rail. 

Closed  and  Open  Ends.— In  regard  to  the  question  of  open  or 
closed  ends  for  cross  ties,  the  general  and  most  approved  practice  is  to 
close  them.  The  reasons  for  this  are  apparent;  a  wooden  tie  when 
buried  in  the  ballast  presents  an  end  area  of  about  5  by  8  inches  or  6 
by  10  inches,  equal  to  40  or  60  square  inches,  to  resist  the  lateral  motion 
induced  by  the  passing  of  trains,  especially  on  curves.  Metal  ties  with 
closed  ends  offer  a  similar  resistance,  but  an  open  ended  tie  presents 
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onlj'  its  tbin  cross  section,  say  one  half  inch  by  14  inches,  or  7  square 
inches,  to  resist  this  movement.  Trough  ties  with  closed  ends  offer  in 
fact  a  much  greater  resistance  to  lateral  motion,  as  not  only  has  the 
outer  end  to  push  against  the  thickness  of  ballast  beyond  it,  but  the 
other  end  has  to  pull  against  the  ballast  within  the  tie  and  drag  the  en- 
tire core  of  ballast  inside  the  tie  over  the  ballast  below  it,  which  would 
require  very  considerable  force,  especially  with  broken  stone.  The  ends 
of  metal  ties  Irequently  project  below  the  bottom  of  the  body  of  the  tie. 
Well  packed  and  tamped  ties  of  this  kind  will  keep  the  track  in  good 
line.  The  open-end  ties  of  the  London  and  Northwestern  Railway,  Eng- 
land, are  said  to  give  no  trouble  in  this  respect;  these  ties  are  dipped 
in  tar  and  then  in  sand,  to  give  them  a  rough  surface  to  increase  the 
friction  in  the  ballast,  but  it  does  not  seem  as  though  such  a  method 
would  be  very  effectual.  It  seems  only  reasonable,  however,  that  closed 
ends  should  give  the  best  results.  They  may  make  tamping  more  diffi- 
cult at  first,  but  when  once  thoroughly  tamped  the  track  is  very  sub- 
stantial. With  some  of  the  ''International"  ties  used  in  this  country, 
only  half  the  end  was  closed,  in  order  to  facilitate  tamping.  The  "  Hart- 
ford" tie,  on  the  New  York  Central  Kail  way,  has  its  ends  bent  below 
the  bottom  of  the  tie.  The  channel  tie  used  on  the  Eastern  Railway, 
France,  has  the  bottom  bent  down,  the  channel  itself  being  open  at  the 
ends.  The  "  Standard"  tie,  on  the  Chicago  and  Western  Indiana  Rail- 
way, has  the  bottom  cut  loose  from  the  sides  at  the  middle  and  bent  ui) 
inside  the  tie,  which  is  filled  with  ballast,  so  that  the  resistance  to  lat- 
eral motion  is  at  the  middle  instead  of  at  the  ends  of  the  tie,  a  feature 
which  is  claimed  to  be  advantageous  on  tracks  with  narrow  width  of 
ballast.  The  ends  may  be  closed  by  a  riveted  plate,  by  stamping  to 
shape  while  hot,  or  by  cutting  the  top  corners  and  bending  the  top  table 
and  sides  cold. 

Mr.  Post,  in  his  paper  in  the  Bulletin  of  the  Society  of  Civil  Engineers, 
France,  April,  1885,  gives  the  following  account  of  trials  made  to  deter- 
mine the  efficiency  of  closed  ends :  A  certain  number  of  ties  with  closed 
ends  were  divided  into  three  compartments,  by  riveting  two  plates  on 
the  inside  of  the  trough ;  the  two  outer  compartments  were  well  bal- 
lasted, while  the  middle  one  was  simply  filled.  An  equal  number  of 
ties  with  closed  ends  were  put  in  service  at  the  same  time.  It  was  soon 
ascertained  that  the  intermediate  plates  were  superfluous,  the  ends 
affording  all  necessary  resistance. 

Cost. — As  to  the  cost  of  ties,  while  prices  are  given  in  several  cases 
in  this  report,  yet  the  prices  of  foreign  ties  are  not  of  much  practical 
value  in  considering  the  use  of  such  ties  in  this  country,  as  the  condi- 
tions of  the  various  foreign  metal  markets  may  differ  so  much  from  one 
another  and  from  the  conditions  prevailing  in  this  country.  Mr.  Post 
stated  in  1885  that  the  cost  of  a  good  steel  tie  should  not  be  more  than 
125  or  150  per  cent,  of  that  of  a  wooden  tie.  According  to  Mr.  Meyer, 
of  the  Prussian  state  railways,  iron  ties  weighing  110  pounds  and  cost- 


314 

ing  $1.73eac;li,  must  last  twenty  five  years,  iu  order  not  to  involve  an 
annual  charge  of  more  than  9.8  cents,*  which  is  the  average  annual 
charge  for  wooden  ties  on  German  railways. 

EcoxoiMY. — The  economy  effected  by  the  use  of  metal  ties  lies  in  the 
great  life  of  the  ties,  the  reduction  in  maiutenance  expenses,  and  the 
higher  value  of  woru-out  metal  ties  over  wooden  ties.  The  economy  of 
the  metal  longitudinals  maybe  doubted,  on  account  of  the  extensive 
preparation  of  the  road-bed  to  secure  proper  drainage,  and  of  the  work 
of  maintenance  required  to  maintain  free  drainage.  The  Mexican  rail- 
way ^' will  feel  the  good  results  of  its  track  with  j-teel  lies  when  the  com- 
petition with  the  Interoceanic  Railway  begins,  as  the  track  will  be 
kept  in  first-class  condition  at  comparatively  small  cost,  enabling  the 
road  to  sustain  a  close  competition.*'  Mr.  Katte,  chief  engineer  of  the 
New  York  Central  Railway,  estimates  that  the  nse  of  the  steel  ties  now 
being  tried  on  that  line  will  etfect  an  economy  of  8  to  12  per  cent,  iu 
renewals,  repairs,  and  maiutenance.  (See  also  "  ^laintenance"  and 
"Conclusion." 

Efficiency. — That  metal  ties  act  efficiently  in  making  a  good  track 
has  been  conclusively  and  satisfactorily  proved,  while  by  the  firm  seat 
and  secure  fasteniugs  the  danger  of  accident  from  spreading  of  the 
track  or  overturning  of  the  rails  is  very  considerably  reduced.  The 
gauge  is  also  maintained  more  accurately  and  the  track  is  kept  in  bet- 
ter line  and  surface  than  track  on  wooden  ties. 

Spacing-  of  Ties. — The  question  of  the  spacing  of  the  ties  is  one 
which  should  be  given  careful  consideration,  and  the  distance  will 
depend  to  a  con-iderable  extent  upon  the  character  of  the  traffic.  On  a 
busy  main  line  with  fast  and  heavy  traffic,  the  ties  should  be  spaced  closer 
than  on  a  line  with  lighter  traffic.  The  average  is  about  30  to  3(1  inches. 
To  secure  the  best  results  and  the  most  easy  riding  track,  the  ties  should 
be  spaced  farthest  apart  at  the  mid-length  of  tiie  rail  and  closest  to- 
gether at  the  rail-joints.  Different  arrangements  of  spacing  of  steel 
ties  are  being  tested  on  the  New  York  Central  Railway. 

Track-Laying. — This  work  is  generally  very  simple,  except  in  the 
case  ofsystems  with  complicated  fasteniugs.  The  tics  are  sent  out  on  the 
cars,  with  the  fastenings  in  kegs,  or  in  some  cases  where  bolts  are  used, 
the  bolts  are  put  into  the  holes  and  the  nuts  screwed  on,  so  that  when 
the  tie  is  put  in  the  track  the  fastenings  are  all  ivady  to  be  adjusted  to 
the  rail.  With  many  forms  of  track  the  work  can  be  efficiently  done 
by  unskilled  labor,  but  it  is  of  coarse  always  better  to  have  experienced 
trackmen,  or  at  least  an  experienced  foreman  to  see  that  the  work  is 
done  carefully  aud  correctly.  Careless  or  inaccurate  work  will  cau.^e 
subsequent  trouble,  which  will  tend  to  create  a  prejudice  against  the 
track.     Poor  work  will  reduce  the  good  results  which  would  otherwise 

"This  charge  is  figured  even  too  low.  See  table  for  computiug  annual  charges  on 
p.  39  of  this  report.  The  metal  tie,  to  be  within  an  annual  charge  of  9.8  cents  on 
first  cost  alone,  must  not  cost  more  than  81-40.— B.  E.  F. 
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be  obtained.  A  point  to  be  considered  is  the  grade  of  track  labor  avail- 
able. In  Europe  the  grade  is,  on  an  average,  pretty  high.  An  engi- 
neer who  has  made  an  inspection  of  the  Panama  Railway  statetl  that  if 
wooden  ties  had  not  been  available  and  metal  ties  had  been  used,  there 
would  have  beeu  trouble  with  the  fastenings  and  attach iiieuts,  owing 
to  the  indolent  and  careless  nature  of  the  negro  trackmen. 

It  is  well  to  issue  to  the  section  men  printed  instructions  as  to  track- 
laying  and  uiaintenance,  illustr<ited,  if  necessary,  by  diagrams  prepared 
with  the  special  aim  to  make  them  clear  and  readily  understood.  The 
instructions  should  be  clear,  concise,  and  to  the  point. 

BallastinGt. — Various  materials  for  ballast  are  used  for  metal  track 
on  different  roads.  In  Queensland,  the  Phillips  tie  is  intended  to 
be  used  without  ballast,  being  packed  with  the  surface  soil  of  the  coun- 
try, and  in  South  America  the  road-bed  is  carefully  built  up  with  the 
surface  soil  or  black  loam  as  ballast.  For  ordinar^^  circumstances,  such 
as  would  obtain  in  this  country,  gravel,  slag,  or  broken  stone  may  be 
used,  but  care  must  be  taken  to  consider  whether  the  material,  espe- 
cially slag,  is  likely  to  cause  corrosion.  (See  page26.)  The  ballast  must 
be  clean  and  free  from  clay,  allowing  free  drainage.  It  is  essential  that 
the  ballast  should  be  thoroughly  packed  iuto  the  tie,  and  a  little  work 
with  the  tamping  bar  in  the  first  place  will  save  a  good  deal  of  subse- 
quent work  in  maintenance.  Tiie  material  should  only  be  packed  hard 
at  the  ends  and  extending  some  inches  in  beyond  the  rail-seats,  leav- 
ing the  middle  of  the  tie  only  loosely  filled ;  if  the  middle  is  packed  hard 
and  the  ends  not  carefully  attended  to,  the  tie  will  have  a  tendency  to 
bend  or  "  hog,"  and  caase  an  unstable  track.  In  some  cases'the  ballast 
is  laid  in  two  rows  of  heaps;  one  tie  is  put  across  each  pair  of  heaps 
and  an  engine  run  over  the  track  forcing  them  down  into  the  ballast, 
which  is  then  packed  and  tamped  and  loose  ballast  filled  in  between  the 
rails.  The  ballast  should  generally  be  flush  with  the  top  of  the  tie  ;  in 
some  cases  it  is  tilled  in  over  the  tops  of  the  ties,  and  this  practice  is 
carried  out  with  the  London  and  Northwestern  steel  ties  on  the  Pennsyl- 
vania Railway,  which  are  covered  with  fine  broken  stone.  Particular 
attention  suould  be  given  to  keeping  up  the  road  bed  for  the  first  few 
mouths,  until  the  ballast  under  the  ties  becomes  well  consolidated ; 
this  work  should  be  charged  to  construction  rather  than  maintenance. 
The  objection  has  been  made  that  it  is  difficult  to  tamp  and  pack  the 
hollow  ties  generally  used;  experience  has  shown,  however,  that  while 
it  presents  some  difficulty  at  first,  yet  the  ballast,  being  confined  within 
the  tie,  is  soon  compacted  by  the  passage  of  trains,  and  requires  little 
subsequent  attention.  The  saving  in  the  quantity  of  ballast  required 
is  shown  by  the  official  figures  given  for  the  Western  and Simplon  Rail- 
way, Switzerland. 

Renewals. — With  cross-ties,  bowls,  or  plates,  renewals  are  as  a  rule 
easily  effected,  but  with  longitudinals  the  work  is  more  difficult.  In 
most  cases  the  fastenings  of  any  one  tie  can  be  removed,  the  ballast 
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dug  away,  the  tie  dropped  from  the  rail  and  removed,  and  a  new  tie 
put  in  place.  Where,  however,  as  on  some  railways  in  India,  the  rails 
have  to  be  tilted  to  get  the  flanges  under  the  lugs  when  being  laid,  all 
the  fastenings  and  both  joints  of  one  rail  must  be  removed  and  the 
rail  tilted  and  taken  out ;  the  free  end  of  the  tie  can  then  be  raised  until 
the  opposite  end  can  be  slipped  off  the  rail.  In  some  cases  the  lugs 
can  be  pried  back  to  free  the  rail  flange,  and  in  other  cases  both  rails 
may  be  required  ro  be  taken  out.  Renewals  of  mild  steel  ties  are  ex- 
l^ected  to  be  very  few;  the  material  does  not  rust  to  any  extent,  does 
not  wear  under  the  rail,  and  is  not  liable  to  crack  at  the  holes.  Of  ties 
laid  on  the  jS'etherlands  State  Railways  in  1805,  the  renewals  up  to  1887 
were  only  5  per  cent.  One  of  the  great  advantages  of  a  metal  track  is 
that  it  is  uot  disturbed  frequently  by  renewals,  and  is  thus  left  in  good 
condition  for  ruuning. 

Maintenance. — It  is  generally  found  that  the  work  of  maintenance 
for  metal  track,  during  the  flrst  two  to  four  years,  is  as  much  as,  if  not 
more  than,  that  for  track  in  wooden  ties;  after  that  period,  however, 
the  work  becomes  less  and  less,  as  the  track  gets  well  settled  together, 
tbe  fastenings  firm,  and  the  ballast  consolidated,  while  with  wooden 
ties  the  work  increases  year  by  year  until  renewals  are  necessary.  The 
fastenings  being  secure,  do  not  require  constant  watching  and  frequent 
attention  as  with  spikes  in  wooden  ties ;  and  an  occasional  surfacing  of 
the  ballast  and  inspection  of  the  ties  and  fastenings  is  all  that  will  be 
required :  nor  will,  as  stated,  the  frequent  disturbance  of  track  for  re- 
newals be  occasioned,  as  is  the  case  with  wooden  ties.  It  is  estimated 
that  on  the  Algerian  lines  of  the  Paris,  Lyons,  and  Mediterranean  Rail- 
way, the  adoption  of  metal  ties  has  effected  a  saving  of  one-fourth  of 
the  maintenance  work,  or  862  per  mile  per  annum.  According  to  Mr. 
Post^  the  cost  per  mile  allowed  on  some  of  the  German  secondary  rail- 
ways in  1885,  for  the  renewal  of  steel  ties,  was  only  about  one-sixth  of 
the  sum  for  replacing  old  wooden  ties  per  mile  per  annum.  The 
amounts  were  deduced  from  the  statistics  of  the  Rhenish  Division  of 
the  Prussian  State  Railways,  which  has  been  using  metal  ties  since  186^. 

One  of  the  division  engineers  of  the  Netherlands  state  railways,  in 
his  annual  report  tor  L881,  stated  that  in  order  to  make  a  test  of  the 
metal  track  (Post  ties),  he  left  one  of  the  trial  sections,  having  a  grade 
of  1  in  S3  and  a  curve  of  2,4G0  feet  radius,  near  Glons,  Belgium,  for 
twenty-two  mouths  (February,  1883,  to  December,  1881)  without  lining 
or  surfacing,  only  employing  one  man  for  thirty-four  days'  \^ork  to  in- 
spect and  tighten  the  nuts ;  the  traffic  over  the  line  was  very  heavy, 
but  the  track  was  in  good  condition  at  the  end  of  the  test.  On  this 
division  the  cost  of  maintenance  per  mile  of  track  on  steel  ties,  after 
three  and  one-half  years'  service,  was  the  same  as  ol  track  on  oak  ties, 
but  at  that  time  the  maintenance  expenses  of  the  former  commenced  to 
decrease,  the  track  being  by  that  time  firmly  settled,  while  it  would 
begin  to  increase  with  the  oak  ties.     In  Germany  the  cost  of  main- 
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teiiiiuco  has  been  foiiiul  to  vavy  from  $  >8  to  $300  per  mile  with  longi- 
tudinals, aiul  from  $17  to  $107  per  mile  witli  cross-ties ;  the  road-bed, 
ballast,  and  class  of  track  cause  these  great  differences.  On  the  llhenish 
divisiou  of  the  Prussian  state  railways,  the  work  of  maiiiteuauce  per 
100  miles  in  1879,  was  two  hundred  and  seventy-one  days'  work  for  track 
on  wooden  ties,  two  hundred  and  nine  days'  work  with  metal  longitu- 
dinals (23  i)er  cent,  less),  and  1G4.5  days'  work  with  metal  cross-ties  (35 
per  cent.  less). 

For  the  calculation  of  the  annual  cost  for  maintenance  and  renewals, 
the  following  points  must  be  considered  : 

(1)  Annual  interest  on  first  cost. 

(2)  Annual  sum  laid  aside  for  depreciation. 

(3)  Value  of  old  material,  lessening  the  depreciation. 

(4)  Cost  ot  labor  in  renewals. 

(5)  Cost  of  rail  fastenings. 

(6)  Cost  of  maintenance  of  the  road-bed. 

(7)  Influence  of  the  track  upon  the  life  and  repairs  of  rolling  stock. 
Frogs  and  Switches. — With  metal  track,  wooden  ties  are  very 

generally  used  at  frogs  and  switches,  but  metal  ties  can  as  well  be  used 
and  will  give  a  safer  track.  These  metal  ties  will  cost  rather  more  than 
tbe  ordinary  metal  ties,  on  account  of  their  greater  length  and  weight, 
and  the  extra  number  of  holes  required.  The  work  of  track  laying  will 
also  be  more  expensive  than  the  mere  spiking  of  rails,  guard-rails,  and 
frogs  to  wooden  ties.  But  when  once  well  laid  and  tamped,  the  track 
put  in  good  line  and  surface,  and  the  fastenings  tightened  up  a  few  times 
until  they  take  a  good  bearing,  tbe  maintenance  of  such  parts  of  the 
track  will  be  light,  while  the  safety  will  be  very  considerably  in- 
creased. Metal  ties  are  in  use  at  frogs  and  switches  in  Germany  and 
Switzerland,  and  their  use  is  to  be  specially  recommended,  as  at  these 
points  the  track  requires  to  be  kept  in  excellent  condition. 

Records. — It  is  very  desirable,  wherever  metal  ties  are  placed,  either 
for  a  small  experiment  or  with  a  view  to  general  adoption  of  the  sys- 
tem, that  careful  records  should  be  kept  of  the  date  of  laying,  construc- 
tion of  the  track,  amount  of  traffic,  amount  of  work  done  and  money 
spent,  notes  of  inspection,  results  observed,  etc.,  so  that  it  may  be  seen 
if  the  track  is  satisfactory  and  economical.  In  this  way  an  intelligent 
idea  may  be  obtained  as  to  the  general  results  of  the  experiments,  from 
a  financial  and  technical  point  of  view.  For  convenience  in  keeping 
notes,  some  plan  of  numbering  tlie  ties  might  be  adopted,  reckoning 
between  mile-posts,  by  which  individual  ties  could  be  located  and  iden- 
tified in  case  of  breakage,  renewals,  tests  of  different  fastenings,  etc. 

Ties  ma.de  from  Old  Rails. — Several  devices  have  been  patented 
for  the  utilization  of  old  rails  for  ties,  but  it  does  not  seem  probable 
that  they  will  be  used  to  any  extent.  In  the  first  place,  it  is  doubtful 
that  the  supply  of  old  rails  would  be  at  all  adequate  to  the  demand,  as 
rails  rejected  from  main  tracks  may  be  safely  used  for  side  tracks,  and 
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are  often  so  used  until  very  badly  worn.  The  uneven  wear  of  tbe  rails 
would  be  an  objection  in  some  of  these  devices,  and  in  others  the  amount 
of  shop  work  is  quite  considerable,  entailing  an  expense  which  is  per 
haps  overlooked  when  economy  is  claimed.  Cross-ties  of  this  clas.s 
have  been  tried  in  France  and  Germany,  and  longitudinals  rolled  from 
old  rails  have  been  tried  on  the  Xorth western  Railway  of  Austria.  Old 
rails  are  proposed  for  the  manufacture  of  the  Durandtie  in  this  coun- 
try. Where  the  rails  are  to  be  worked  and  submitted  to  such  treatment 
as  rolling-  into  plates  and  stamping  into  shape,  it  may  be  doubted  if 
the  metal  would  stand  this  working  successfnlly,  or  make  a  safe  and 
durable  tie.  It  would  be  especiall^^  likely  to  crack  at  any  corrugations, 
corners,  etc.,  and  at  any  welded  parts  ;  this  has  been  the  exi)erieuce  in 
Austria.  There  might  be  a  limited  field  for  the  use  of  such  ties  on 
lines  with  light  tr^iffic,  but  it  is  not  probable  that  they  would  prove 
efficient,  safe,  or  economical  on  main  lines  and  under  heavy  traffic. 
Any  apparent  cheapness  in  first  cost  would  probably  be  entirely  cov- 
ered by  additional  work  upon  the  track. 

Combinations  of  Wood  and  Metal. — A  very  large  number  of  ties 
have  been  invented  in  which  blocks  of  wood  are  placed  under  the  rail  as 
bearing-blocks,  and  many  inventions  of  this  kind  will  be  found  in  the  list 
of  United  States  patents  accompanying  this  report.  The  object  Is,  of 
course,  to  combine  the  elasticity  of  the  wood  with  the  strength  and  dura- 
bility of  the  metal ;  but  the  weight  of  experience  seems  to  show  that  the 
combination,  or  the  method  of  obtaining  it,  is  unnecessary  or  undesirable. 
Metal  ties  can  be  made  which  will  be  in  themselves  sufficiently  elastic, 
and  fastenings  can  be  made  which  will  hold  the  metal  surfaces  of  rail  and 
tie  rigidly  together.  The  use  of  wooden  bearing-blocks  has  been  found 
unsatisfactory  in  France,  Rolland,  and  India.  In  regard  to  the  metal 
ties  with  wooden  bearing-blocks  tried  on  the  Eastern  Railway,  France, 
Mr.  Bricka  stated  in  his  report,  in  1885,  that  results  obtained  with  or- 
dinary fastenings  did  not  justify  the  interposition  of  a  block  of  wood  be- 
tween the  rail  and  the  tie,  and  that  it  was  probable  that  there  would  be 
a  play  of  the  pieces  after  a  time.  The  "  Standard  ''  steel  tie,  in  this  coun- 
try, in  experimental  service  on  the  Chicago  and  Westerii  Indiana  Kail- 
way,  is  of  this  class  ;  but  it  differs  from  the  ordinary  plan  in  using  blocks 
of  preserved  wood,  which  are  compressed  before  being  used,  and  are 
placed  with  the  rails  resting  on  the  end  grain.  The  claims  made  are 
that  the  preservative  process  will  prevent  rotting  of  the  wood,  while  the 
compressing  and  manner  of  placing  will  prevent  flange  cutting.  By 
this  compression,  the  block  of  wood  would  be  practically  as  rigid  as  the 
metal,  but  it  is  of  course  less  vibratory. 

Tie  Plates. — A  method  extensively  employed  in  Europe,  and  re- 
cently in  this  country,  to  increase  the  durability  of  wooden  ties,  is  to 
use  metal  i^lates  between  the  rail  and  the  tie.  This  method  is  exten- 
sively adopted  in  Germany. 

The  use  of  metal  tie-plates  with  metal  ties  adds  considerably  to  the 
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cost,  and  while  they  may  be  of  some  benefit  for  ties  of  li^ht  section, 
yet  as  a  general  thing,  with  ordinarily  heavy  ties,  it  is  found  better  to 
])hice  the  rail  directly  ni)on  the  tie,  as  this  i)lan  with  good  fastenings  is 
less  liable  to  cause  noise  and  rattling.  Tie-plates  on  metal  ties  are  used 
in  Germany  and  Austria. 

Glass  Ties. — Glass  ties  were  made  by  Dr.  Siemens  in  Germany  some 
years  ago,  and  were  reported  to  have  given  excellent  results  as  to 
strength.  At  a  meeting  of  the  Cleveland  Institution  of  Engineers, 
England,  in  June,  1S89,  during  a  discussion  on  rails  and  railways,  the 
president  stated  that  some  years  previous  a  number  of  glass  ties  had 
been  put  down,  and  the  inventor  had  recently  informed  him  that  the}' 
were  still  in  service.  The  reason  w  by  they  do  not  generally  find  favor, 
he  stated,  is  not  that  they  fracture,  but  because  they  were  very  expen- 
sive and  there  was  a  difficulty  in  attaching  the  rails  to  the  ties. 

RACK   railways. 

For  rack  railways  which  are  to  carry  ordinary  traffic,  and  which  form 
part  of  through  lines  of  railway  and  are  not  merely  lines  for  excursion 
travel,  steel  ties  are  generally  used,  as  they  give  a  more  secure  and 
stable  track.  Mr.  Rinecker,  M.  Ain.  Soc.  C.  E.,  of  Germany,  who  con- 
tracts for  the  construction  of  rack  railways  on  the  Abt  system,  stated 
as  follows  in  a  letter  acknowledging  the  receipt  of  Bulletin  III,  with 
my  preliminary  report : 

I  fully  concur  with  the  views  expressed  by  Mr.  Tratraan.  Beiug  engaged  in  the 
construction  of  rack  railways,  I  am  using  only  steel  ties,  on  account  of  their  relia- 
bility in  keeping  gauge  and  of  their  better  hold  in  the  ballast  against  sliding  down 
grade.     Where  steel  ties  fail  it  is  ou  account  of  errors  in  shape  or  size. 

MILITARY  RAILWAYS. 

Light  railways  for  the  conveyance  of  supplies,  etc.,  are  much  used 
in  Europe  at  arsenals,  fortifications,  etc.  The  majority  of  these  lines 
are  of  the  portable  type,  made  in  sections,  so  as  to  be  readily  and 
rapidly  laid,  removed,  and  relaid.  In  France  very  heavy  cannon  are 
transported  over  such  tracks;  special  cars  being  used  to  distribute  the 
weight  over  a  number  of  wheels.  In  Germany  tracks  of  this  kind  are 
used  in  field-work  and  manoeuvring.  The  English  army  in  the  Soudan 
campaign  had  a  light  railway  at  Suakin,  and  the  Italians  have  also  a 
line,  but  of  a  more  permanent  type,  in  Africa.  In  the  Turkestan  war 
of  188'5  the  French  army  had  60  miles  of  portable  railway,  20  inches 
gauge,  with  steel  rails,  weighing  14  pounds  per  yard  ;  the  track  was  of 
the  Decauville  type.  In  the  Tunis  war  of  1883  the  French  army  had 
43  miles  of  similar  track,  but  with  24  inches  gauge  and  with  rails 
weighing  19  pounds  per  yard ;  this  was  found  to  be  the  more  suitable 
and  efficient  track  for  the  purpose. 
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LIGHT  AXD   PORTABLE   RAILWAYS. 

A  class  of  railway  with  metal  ties  which  is  much  used  in  Euiope  and 
in  countries  where  work  is  carried  on  by  European  eugineers,  is  that  of 
li«4lit  and  i)ortable  railways.  They  are  of  various  classes,  from  the  per 
luanent  line  of  42  inches  gauge,  operated  by  locomotives  and  adapted  for 
country  railways,  feeders  to  main  li^es,  etc,  down  to  the  really  portable 
lines  of  12  inches  gauge,  operated  by  horse,  mule,  or  bullock  powi- 
and  adapted  for  jilautation  and  contractors'  work,  etc.  Railways  o 
this  kind  would  not  only  be  beneficial  by  means  of  the  advantages  pos- 
sessed, but  would  also  effect  an  appreciable  saving  in  wooden  ties 
of  the  small  and  cheap  kind.  The  track  is  made  in  sections  of  conven- 
ient length,  built  uj)  at  the  manufactory,  which  have  merely  to  be  car- 
ried by  one  or  two  men  to  the  required  site,  laid  end  to  end,  and  con- 
nected, to  form  a  track  capable  of  carrying  considerable  traffic.  One 
man  can  carry  a  section  of  the  lighter  portable  class.  For  the  more 
permanent  lines  some  amount  of  grading  and  ballasting  is  desirable. 
Curves,  switches,  etc.,  are  all  made  in  sections,  as  well  as  the  straight 
track,  and  the  lines  can  be  laid  by  unskilled  labor.  Several  firms  in 
Europe  have  extensive  works  engaged  in  the  manufacture  of  track, 
appurtenances,  and  equipment  for  this  class  of  line.  English  prices  a 
few  years  ago  varied  from  81,450  to  $1,550  per  mile  of  single  track, 
straight  line,  of  16  and  24  inches  gauge,  suitable  for  animal  traction  ; 
and  from  82,500  to  8-, 700  per  mile  for  lines  of  18  and  30  inches  gauge, 
suitable  for  locomotive  traction.  In  the  well-known  system  of  the  De- 
cauville  Works,  France,  light  steel  flange  rails  were  riveted  to  steel  ties 
of  channel  section.  (See  France.)  lu  England  various  forms  and  modi- 
fications of  this  clciss  of  track  are  manufactured  by  the  following  firms: 
Dick,  Kerr  &  Co.,  Kerr.  Stuart  cS:  Co.,  Boiling  &  Lowe,  J.  Fowler  &  Co., 
W.  G.  Bagnall,  J.  &  T.  Howard,  the  Darlington  Steel  and  Iron  Com- 
pany, and  others,  (See  England  and  France.)  A  form  of  the  Post 
steel  cross-tie  is  manufactured  by  the  Hoerde  Works,  Germany,  for  light 
railways  of  24  inches  gauge.  The  ties  are  of  the  usual  form,  except  that 
the  lower  part  is  horizontal  and  the  increased  depth  at  the  middle  is 
obtained  by  bending  up  the  top  table.  They  are  33  inches  long,  4  inches 
wide,  and  1  inch  deep  at  the  ends,  2.24  inches  wide,  and  2.2  inches  deep 
at  the  middle  5  the  thickness  is  .16  inch,  and  .24  inch  at  the  rail  seats. 
Some  of  the  ties  are  of  uniform  section  throughout.  The  rails  are  of 
flange  section  (i.oG  feet  long ;  they  are  secured  to  the  ties  by  hook-bolts, 
the  nut  being  inside  the  tie.  Projecting  splice  plates  are  riveted  to 
one  end  of  each  rail.  Each  section  of  this  track  consists  of  two  rails, 
three  ties,  and  four  splice-plates  ;  the  weight  of  the  section  complete  is 
88  pounds.  For  further  ])articulars  of  these  railways,  see  an  article  of 
mine  on  '•'  Light  and  Portable  Railways,"  in  Engineering  is'ews,  New 
York,  September  6,  1884. 
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STREET   RAILWAYS. 

Tn  European  practice  the  use  of  wood  in  street  railway,  or  tramway, 
tracks  lias  been  very  generally  abandoned,  especially  in  the  cities.  For 
city  streets,  the  track  usually  consists  of  grooved  steel  rails  resting  on 
cast-iron  chairs  or  steel  cross-ties  or  longitudinals.  A  concrete  founda- 
tion is  almost  invariably  used  for  such  streets,  and  quite  frequently  for 
suburban  and  country  roads.  This  system  of  construction  is  also 
adopted  by  English  engineers  in  other  countries,  as  at  Honolulu,  Hong- 
Kong,  and  Buenos  Ayres.  Similar  systems  are  being  introduced  in  this 
country,  but  to  a  comparatively  limited  extent,  the  style  of  track  with 
flat  rails  spiked  to  wooden  stringers  resting  on  wooden  cross-ties  being 
still  the  ordinary  practice.  Notes  on  street  railway  tracks  and  descrip- 
tions of  different  American  and  foreign  systems  of  construction  will  be 
found  in  my  paper  on  "The  Improvement  of  Railway  and  Street  Rail- 
way Track,"  read  at  the  convention  of  the  American  Society  of  Civil 
Engineers,  in  June,  1889. 

CONCLUSION. 

In  this  report  information  has  been  given,  as  shown  by  the  tabular 
summary,  covering  experience  on  nearly  25,000  miles  of  metal  track  on 
railways  in  foreign  countries,  or  13.21  per  cent,  of  the  total  mileage 
(187,721  miles)  of  the  world,  exclusive  of  the  United  States  and  Canada. 
This  percentage  is  steadily  increasing,  as  indicated  by  the  reports  from 
several  railways,  in  which  it  is  stated  that  metal  ties  are  being  substi- 
tuted for  wooden  ties,  either  in  large  sections  of  track  or  by  replacing 
wooden  ties  with  metal  ties  as  renewals  are  required.  In  the  face  of 
such  figures,  based  upon  official  returns  and  statements,  it  can  no  longer 
be  claimed  that  the  metal  track  question  is  still  upon  an  experimental 
basis.  The  official  returns  from  some  countries — Germany,  Switzer- 
land, and  India,  especially — show  that  the  results  of  experience  extend- 
ing over  several  years  have  led  in  several  cases  to  the  adoption  of  metal 
track,  and  that  this  is  becoming  thestandard  track  of  railways  in  those 
countries. 

In  regard  to  the  statements  which  have  appeared  in  print  from  time 
to  time,  to  the  effect  that  the  use  of  metal  ties  in  Germany  has  been  un- 
satisfactory and  is  being  abandoned,  I  may  refer  to  the  official  state- 
ments in  this  report  from  the  leading  railways  in  that  country.  Tiiese 
statements  show  that  the  results  have  been  sufficiently  satisfactory  to 
lead  to  the  entire  adoption  of  metal  ties  on  some  lines  and  their  con- 
tinued and  extended  use  on  other  lines.  The  only  instance  in  which 
they  have  been  abandoned  is  on  the  Altona  division  of  the  Prussian 
state  railways,  and  there,  as  stated  in  the  official  return,  the  reason 
has  been  in  the  nature  of  the  road-bed,  etc.,  rather  than  in  the  ties. 
The  agitation  made  a  few  years  ago  by  the  iron  industries  in  Germany, 
asking  for  the  increased  use  of  metal  ties,  only  showed  that  the  Govern- 
22893— Bull.  4 21 
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ment  was  not  putting  in  tliese  ties  on  its  lines  in  sufficient  quantity  to 
suit  the  iron  trade  people,  and  not  that  the  use  of  metal  ties  was  being 
discontinued.* 

The  most  extensive  introduction  of  metal  track  has  been  in  German}-, 
India,  and  South  America.  In  the  first  two  countries  steel  cross-ties 
are  practically  the  generally  adopted  type,  although  different  forms  of 
this  type  are  in  use  in  Germany.  Oast  iron  is  still  extensively  used  in 
India.  In  South  America  the  metal  ties  used  are  mainly  composed  of 
a  pair  of  cast-iron  bowls  connected  by  a  tie- bar,  but  even  there  steel 
cross-ties  are  being  introduced.  The  weight  of  evidence  and  the  results 
of  experience  point  towards  the  steel  cross-tie,  as  making  the  best  track 
and  giving  the  best  results  in  other  ways,  for  heavy  service  at  least, 
and  therefore  are  destined  to  become  the  standaid  tie  for  first  class 
track.  As  to  the  weight  of  these  ties,  it  may  be  considered  that  for 
lines  with  heavy  traffic  it  should  be  between  120  and  150  pounds,  ac- 
cording to  trafi&c  and  other  conditions. 

The  following  brief  synopsis  will  give  a  general  idea  of  the  wide- 
spread use  of  metal  track  : 

England. — Steel  cross-ties  are  being  tried  on  a  practical  scale  on  the  Loudon  and 
Northwestern  Railway  and  the  Northeastern  Eailway.  Experiments  on  a  small 
scale  have  been  made  ou  other  roads. 

France. — Trials  with  different  forms  of  cross-ties  are  in  progress  on  the  state  rail- 
ways. Five  of  the  principal  companies  have  also  made  experiments,  and  some  of  the 
trials  are  still  in  progress. 

Holland. — Extensive  trials  of  iron  and  steel  cross-ties  have  been  made  on  the 
Netherlands  State  Eailway.  The  use  of  the  Post  steel  tie  is  being  extended.  Other 
roads  are  also  using  metal  ties. 

Belgium. — The  State  has  directed  the  carrying  out  of  extensive  trials  of  metal  ties, 
and  the  trials  are  now  in  progress.  The  Northern  Eailway  and  Great  Central 
Eailway  are  also  using  metal  ties.  They  are  being  adopted  on  some  of  the  local  and 
narrow-gauge  lines. 

Germany.— On  the  several  state  railways  extensive  trials  with  metal  ties  and  lon- 
gitudinals have  been  in  progress  for  several  years,  and  several  hundred  miles  of  metal 
track  are  uow  in  service.  The  use  of  longitudinals  is  being  abandoned,  but  the  use 
of  cross-ties  is  rapidly  extending,  and  on  some  lines  they  have  been  entirely  adopted. 
On  the  whole  the  results  have  been  very  satisfactory. 

Austria  and  Hungary. — Two  principal  systems  of  metal  track  are  in  service.  The 
Heindl  system  of  cross-ties  and  the  Hohenegger  system  of  longitudinals. 

Switzerland. — Metal  ties  are  in  service  to  a  considerable  extent.  The  results  have 
been  satisfactory  and  the  use  of  these  ties  is  being  extended. 

Spain. — Steel  cross-ties  are  in  .service  on  a  narrow-guage  railway,  and  cast-iron 
bowls  on  a  broad-gauge  railway. 

Portugal. — An  experiment  on  a  small  scale  has  been  made  on  the  state  railways. 

Italy. — No  metal  ties  are  in  regular  service,  but  a  few  have  been  imported  for  ex. 
periment. 

*  Objections  to  the  use  of  metal  ties  in  Germany  come  also  from  the  forest  adminis- 
tration, for  the  reason  that  the  market  for  one  of  its  staple  products,  beech  railroad 
ties  (creosoted),  which  have  been  grown  in  excess,  has  been  limited  by  the  substitu- 
tion of  metal,  aud  hence  an  unfavorable  showing  on  the  balance  sheet  of  many  for- 
est districts.  Unlike  the  conditions  in  our  country,  in  Germany  a  proper  forest  policy 
does  not  require  this  substitution  — B.  E.  F. 
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Sweden. — A  few  steel  ties  are  iu  service  for  experimental  x>nri>oses  on  the  state 
railways, 

Norway. — No  metal  track  has  been  tried. 

Dannark. —Siael  ties  are  iu  service  ou  the  state  railways.  The  results  are  fairly 
satisfactory. 

IiKssia. — Experimeuts  have  been  made  ou  a  small  scale,  but  have  apparently  beeu 
abaudoued. 

Turkey. — Several  miles  of  track  uear  Coustantiuople  are  laid  with  metal  ties. 

Africa. — Iu  North  Africa  cross-ties  are  iu  use  iu  Algeria  aud  Egypt,  and  bowls  iu 
Egypt.  Bowls  and  cross-ties  are  iu  use  iu  South  Africa.  Steel  cross-ties  are  reported 
as  to  be  used  ou  the  projected  Cougo  Railway. 

Australia. — Steel  ties  are  being  used  quite  extensively  iu  South  Australia  aud 
Queensland.  In  the  latter  colony  the  track  is  of  a  type  designed  especially  for  cheap 
constrnction  of  railways  in  even  country. 

Xew  Zealand  and  Tasmania. — No  metal  track  is  used. 

India. — Metal  track  is  iu  very  extensive  use  and  is  being  constantly  laid.  Cast- 
iron  bowls  are  becoming  obsolete,  but  cast-iron  plates  (in  pairs,  connected  by  tie-bars) 
are  largely  used  and  with  satisfactory  results.  A  special  form  of  steel  cross-tie  is  in 
extensive  service  ou  the  state  railways  and  other  lines,  aud  seems  likely  to  become 
the  standard  form  of  track.     It  has  given  very  good  results. 

China. — A  few  metal  ties  are  to  be  tried  as  an  experiment. 

Japan.— Metal  ties  were  used  some  years  ago,  but  they  have  all  beeu  taken  out. 

South  America. — In  the  Argentine  Republic  cast-iron  bowls  are  very  extensively 
used  aud  with  satisfiictory  results.  Steel  cross-ties  are  also  beginning  to  be  intro- 
duced.    Limited  trials  have  been  made  iu  Brazil. 

Mexico.  —Steel  ties  similar  to  those  now  adopted  in  India  for  the  state  railways  are 
iu  service  ou  the  Mexican  Railway.     The  results  have  been  very  satisfactory. 

The  principal  point  of  view  from  whicli  the  metal  track  question  is 
considered  in  this  country,  and  the  one  which  was  of  course  specially 
taken  by  the  Department  of  Agriculture  in  calling  for  the  preparation 
of  this  report,  is  that  which  considers  it  in  relation  to  forest  conserva- 
tion aud  the  reduction  of  the  consumption  of  timber.  But  there  are 
other  points  of  view,  from  which  the  subject  will  be  presented  in  rather 
different  relations.  Leaving  out  of  consideration  the  necessity  for 
reducing  the  timber  consumption,  metal  track  will  still  present  many 
advantages,  which  will  be  especially  apparent  to  railway  men.  In  the 
first  place,  it  has  been  proved  to  be  more  economical  in  maintenance 
than  track  on  wooden  ties,  and  there  can  be  no  doubt  as  to  the  superi- 
ority of  a  well  designed  system  of  metal  track  in  regard  to  efficiency 
and  safety.  A  better  track  may  be  made,  and  with  such  secure  fasten- 
ings as  are  in  general  use,  there  will  be  a  minimum  of  danger  with  a 
minimum  of  track  work  for  the  running  of  trains.  The  overturning  or 
spreading  of  the  rails,  which  causes  so  many  accidents,  can  scarcely 
occur  with  a  well  designed  system  of  metal  track.  There  need  be  little 
if  any  extra  noise  with  the  passage  of  trains,  and  the  riding  of  trains 
may  be  as  smooth  and  quiet  as  on  track  with  wooden  ties.  In  general 
it  may  be  stated,  that  steel  ties  should  be  adopted  as  the  standard  for 
first  class  track  on  lines  with  heavy  traffic.  Steel  ties  should  be  intro- 
duced as  an  advancement  in  railway  engineering,  and  as  a  step  towards 
practical  economy.     A  good  metal  track,  when  once  well  laid  and  set- 
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tied,  is  iu  itself  a  measure  of  safety  and  a  source  of  economy  iu  main- 
tenauce  aud  operation.  This  is  iu  relation  to  the  main  line,  but  metal 
track  presents  also  special  advantages  for  use  at  stations  and  yards. 
A  metal  track  at  such  places,  when  ouce  well  laid  and  settled,  is 
practically  permanent,  and  there  is  a  great  reduction  iu  disturbauce 
and  expense  for  repairs  and  in  the  chances  for  derailments,  which  are 
specially  troublesome  at  termiuals,  yards,  stations,  etc.  Metal  track  is 
also  adapted  for  light  and  portable  railways,  street  railways,  etc. 

As  regards  the  relations  of  first  cost  and  economy,  Mr.  Walter  Katte, 
chief  engineer  of  the  Xew  York  Central  and  Hudson  Eiver  Eailway, 
has  estimated  aud  closely  calculated  that  if  the  steel  ties  now  beiug 
tried  on  his  line  last  for  fifty  years,  which  he  estimates  as  their  life, 
there  will  be  a  relative  economy  of  from  8  to  12  per  cent,  in  favor  of 
these  ties.  The  economy  is  in  renewals,  repairs,  and  general  mainte- 
nance. I  have  examined  Mr.  Katte's  figures,  and  have  calculated  that 
even  if  the  life  be  taken  as  only  thirty-three  years,  there  will  still  be  a 
material  saviug  per  mile  per  annum. 

I  am  particularly  pleased  to  be  able  to  show  in  this  report  that  this 
subject  IS  being  practically  considered  and  tested  in  this  country,  some 
fairly  extensive  trials  being  now  in  progress.  From  the  results  of  sev- 
eral years'  experience  in  foreign  countries,  it  can  not  be  doubted  that  it 
is  entirely  practicable  to  successfully  introduce  metal  track  into  the 
United  States.  American  ingenuity  and  skill  will  probably  produce 
ties  of  equal  or  greater  efficiency  than  those  in  use  in  other  countries. 

This  report  will  show,  I  think,  to  railway  financiers  as  well  as  to 
practical  railway  men,  the  advantages  attending  the  use  of  metal  track. 
In  regard  to  the  desirability  of  introducing  such  track,  I  quote  as  fol- 
lows from  an  interesting  letter  to  me  from  ]Mr.  0.  P.  Huntington,  of 
the  Southern  Pacific  Railway  Company,  in  January,  1890: 

I  have  for  several  years  advocated  the  use  of  metal  ties  alougthe  timberless  regions 
of  our  lines,  and  while  none  of  them  have  as  yet  been  put  iu  use,  I  think  they  will 
be  given  a  trial  in  the  near  future.  You  have  no  doubt  experienced  that  time  aud 
considerable  patience  is  necessary  to  direct  the  minds  of  men  into  fields  of  investiga- 
tion differing  from  those  in  which  they  have  been  educated,  and  in  the  practice  of 
which  they  have  spent  a  large  part  of  their  lives.  To  this  fact  I  attribute  much  of 
the  apathy  manifested  in  giving  metallic  ties  a  trial :  but  now,  as  their  merits  and 
those  of  the  various  designs  in  use  are  being  discussed  by  American  writers  and 
engineers,  there  will  be  a  quickening  of  opinion  about  them,  which  is  likely  to  make 
them  in  the  next  few  years  a  factor  of  some  importance  in  the  discussion  of  railroad 
economies. 

This  report  certainly  shows  the  practicability  of  the  matter  aud  its 
desirability  from  several  points  of  view.  It  may  fairly  be  reasoned  that 
what  has  been  successfully  accomplished  abroad  may  be  accomplished 
with  equal  success  in  this  country.  I  have  reported  with  pleasure  that 
more  and  more  attention  is  being  paid  to  this  matter,  and  that  since  the 
presentation  of  my  preliminary  report  in  February,  1889,  really  prac- 
tical trials  have  been  instituted.     It  is  my  wish  that  the  present  report 
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may  prove  of  some  service  in  keeping  alive  and  increasing  tbe  present 
interest  in  the  matter,  and  that  it  maj'  prove  instrumental  in  furthering 
the  practical  work  in  this  important  direction. 

Finally,  while  I  can  not  predict  any  general  or  extended  movement 
in  this  direction  in  the  near  future,  I  can  certainly  state  that  there  has 
been  a  marked  advance  within  the  last  year  or  two,  and  that  this  ad- 
vance appears  likely  to  continue.  I  think  it  highly  probable  that  the 
question  of  the  use  of  metal  ties  for  railways  as  a  substitute  for  wooden 
railways  will  gradually,  steadily,  and  surely  become  one  of  the  live 
problems  of  railway  economics. 


PATENTS  RELATING  TO  METAL  RAILWAY  TRACK. 

By  E.  E.  Russell  Tratman. 

The  following  list  of  United  States  patents  relating  to  metal  railway 
track  and  other  substitutes  for  wooden  ties  will  be  found  useful  by 
persons  interested  in  the  subject.  It  could  not  practically  be  made  any- 
thing more  than  a  descriptive  index,  giving  sufficient  information  to 
enable  any  one  who  wishes  to  investigate  more  fully  to  form  some  idea 
of  the  different  types  patented,  and  to  find  the  specifications. 

No.  1262;  date,  July  26,  1839;  J.  StimpsoD. — Transverse  frames  resting  on  longi- 
tudinal timbers,  with  inclined  braces  to  hold  theui  in  position,  and  sockets  at  tlie  top 
to  receive  the  web  of  a  rail  with  a  very  narrow  flange. 

No.  7799;  date,  November  26,  1850;  H.  H.  May. — A  cast-iron  column  under  each 
rail;  broad  circular  base  ;  top  formed  to  make  a  chair  for  a  double-headed  rail,  and 
having  a  projecting  arm  forming  half  of  a  transverse  tie-bar. 

No  16898;  date,  March  24,  1857:  H.  Carpenter. — A  short  hollow  post  under  each 
rail,  connected  by  a  tie-plate  ;  T-shaped  fastening  fitting  into  hollow  of  post.  (See 
Nos.  35198,  99531.) 

No.  18494;  date,  October  27, 1857  ;  S.  A.  Beers. — Continuous  longitudinal  structure, 
with  transverse  tie-bars.     Saddle-rail  of  _j^\_  section. 

No.  19704;  date,  March  23,  1858;  S.  H.  Long. — Cross-ties  of  channel  |  |  section 
or  T  section  (the  latter  made  of  two  angle-irons.)  Continuous  flat  plate  under  ordi- 
nary rail. 

No.  20620;  date,  June  22,1858;  W.  Bryent. — Combined  longitudinal  grooved  rail 
and  iron  pavement. 

No.  29693;  date,  August  21,1860;  Alexander  Hay. —A  deep  support  to  be  driven 
into  the  earth  under  each  rail ;  either  flat  or  twisted  into  a  spiral :  flat  head,  with 
chair  to  support  rail. 

No.  32794;  date,  July  9,  1861;  B.  C.  Smith. — Wide  longitudinal  channel  sleeper 
and  rail  combined,  with  transverse  rods.  A  raised  rib  lengthwise  of  the  sleeper  forms 
the  rail.     (See  No.  36579. ) 

No.  35198;  date,  May  6,  1862;  H.  Carpenter.— A  cylindrical  casting  with  a  wide 
rectangular  base  is  under  each  rail ;  the  pairs  connected  by  transverse  tie-bars.  The 
flange  rails  are  held  in  chairs,  the  bottom  of  which  fits  into  the  cylindrical  casting  or 
embraces  it  like  a  cap.     (See  No.  16898.) 

No.  35879  ;  date,  July  15, 1862 ;  Herman  J.  Lombaert. — A  continuous  metal  stringer 
is  laid  on  wooden  cross-ties  ;  the  flange  rails  rest  on  metal  tie-plates  with  oue  end 
bent  to  a  hook  to  hold  one  side  of  the  flange  of  the  rail.  The  other  side  is  held  by  a 
gib  and  cotter.     Object,  to  separate  the  wearing  and  bearing  parts  of  the  rail. 

No.  36579;  date,  September  30,  1862;  B.  C.  Smith.— Longitudinal  cast-iron  con- 
tinuous bearing,  of  channel  section,  connected  by  transverse  tie-rods.  Rail  secured 
to  chairs.     (See  No.  32791.) 

No.  38274;  date,  April  28,  1863;  J.  Anthony.- Metal  chair  and  tie-plate  for  flange 
rails  on  wooden  ties. 
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No.  53507;  date,  March  27,  1806;  Franz  Vester.— Flat  cross-tie,  with  two  deep  wr- 
rn<;atioiis  ah)nii;  its  whole  h'ligth.     Ends  turned  down. 

No.  58r)()3;  date,  October  2,  186G;  Swain  AVinlcloy.— A  corrugated  plate  of 
\X\x'''\/'  shape  under  each  rail,  connected  by  a  tie-bar. 

No.  51)11*2;  date,  October  23,  1806;  Swain  Winkley. — A  corrugated  or  buckled  iron 
plate  under  each  rail,  connected  by  a  tie-bar;  rails  held  by  clamps  and  keys. 

No.  03161;  date,  March  26,  1867;  B.  B.  Hotchkiss.— A  combined  track  and  pave- 
ment. Cast-iron  frames  the  width  of  the  track  aio  lilted  to  receive  wooden  blocks, 
to  which  ilat  rails  are  spiked. 

No.  66711;  date,  July  16,  1867;  R.  M.  Holland.— Cross-tie  of  A  section.  Flange 
cut  away  for  rails.     Hinged  wedge  fastening. 

No.  70731  ;  date,  November  12,  1867  ;  Henry  McCan. — Broad  flat  transverse  base- 
plates, with  longitudinal  girders  held  together  by  tie-rods.  Rails  resting  on  top  of 
girders. 

No.  71063 ;  date,  November  19,  1867  ;  Leonard  Repsher. — Wrought-iron  cross-tie, 
bent  up  at  ends  to  embrance  flange  and  web  of  rail,  angle-clamp  bolted  to  tie  on  in- 
side of  rail.     Bolt  through  clamp,  web  of  rail,  and  end  of  tie. 

No.  79016;.  date,  June  16,  1868;  William  F.  Serjeant. —Deep  flat  tie-bars  connect 
the  rails,  which  rest  on,  but  are  not  spiked  to,  wooden  ties.  At  each  end  of  the  bars 
are  jaws  to  hold  the  base  of  the  rail. 

No.  83880;  date,  November  10,  1868;  J.  Potter, — Flat  transverse  base-plate,  with 
two  uprights  which  support  continuous  stringers,  to  which  flangeless  T-rails  are 
bolted. 

No.  84023  ;  d<itc,  November  10, 1868 ;  A.  Van  Guysling.  —A  hollow  iron  column  under 
each  rail ;  the  rail  is  secured  to  a  chair  keyed  to  the  top  of  the  column.  The  columns 
are  connected  by  tie-bars  at  the  top  ;  or  they  may  be  cast  in  combination  with  a  hol- 
low transverse  base,  in  one  piece. 

No.  92874;  date,  July  20,  1869;  W.  J.  CockburnMuir  (England).— Hollow  inverted 
bowls,  connected  by  transverse  tie-bars;  the  rails  are  secured  by  lugs  and  keys. 

No.  94850;  date,  September  14,  1869;  C.  G.  Wilson. — Two  channel  irons  placed 
back  to  back  form  a  continuous  stringer,  and  rest  on  wooden  stringers.  The  web  of 
a  flangeless  T-rail  rests  between  the  channel  irons.  The  iron  stringers  are  connected 
by  tie-bars. 

No.  97020;  date,  November  16,  1869;  A.  Van  Camp  and  M.  M.  Hodgman.— For 
street  railways.  A  deep  rail  with  flat  head  and  a  web  corrugated  longitudinally  is 
bedded  in  asphaltic  or  concrete  composition.  A  groove  is  made  in  this  composition 
along  the  side  of  the  rail. 

No.  97224;  date,  November  23,  1869;  John  H.  Phillips. — Inverted  bowls  or  sau- 
cers, having  a  chair  for  the  rails  and  being  connected  by  tie-bars. 

No.  99531;  date,  February  8,  1870;  H.  Carpenter. — A  hole  is  bored  at  each  end  of 
a  wooden  tie  for  the  stem  of  a  T-shaped  metal  support ;  the  rail  rests  on  a  T-shaped 
plate,  having  lugs  to  hold  the  flanges  of  the  rail  and  a  stem  underneath  to  fit  into 
the  hollow  stem  of  the  seat.     (See  No.  16898.) 

No.  101751  ;  date,  April  12,  1870;  Edward  G.  Markley.— A  cast-iron  column,  in  the 
form  of  a  truncated  cone,  is  under  each  rail.  On  top  is  a  chair  for  the  rail.  Tie-bars 
connect  the  pairs  of  columns. 

No.  107643;  date,  September  20,  1870;  C.  H.  White.— Flat  transverse  bed-plates 
laid  on  wooden  stringers  or  cross-ties.  The  rails  are  of  fl  or  bridge  section,  and  rests 
on  tie-plates  having  a  rib  which  tits  into  the  rail. 

No.  109504  ;  date,  November  22,  1870  ;  C.  Fisher.— Cross-tie  of  inverted  trough 
section,  with  closed  ends.  Two  pockets  for  wooden  bearing  blocks.  Rail  fastened 
by  flat  plates  resting  on  tie  and  rail  flange,  screwed  to  the  wooden  blocks. 

No.  112805;  date,  March  21,  1871;  S.  M.  Guest. — A  railway  joint  chair,  combined 
■with  an  iron  cross-tie  of  T  section. 


328 

No.  118260;  date,  An<^ust  22^  1871 ;  Elijah  Myrick. — A  ring-shaped  tie-plate,  with 
three  studs  or  plus  to  bo  driven  into  the  wooden  tie. 

No.  1219r)G  ;  date,  December  19,  1871 ;  J.  Newton. — A  rail  fastening  for  iron  ties. 
Fhit  tie  with  end  turned  up,  woodcu  wedge  between  rail  and  end  of  tie,  vertical  jib 
aud  cotter  fastening  (with  serrated  cotter)  on  inside  of  rail. 

No.  12352(5;  date,  February  6,  1S72;  L.  E.Tuwne. — Cylindrical  cross-tie  with  a  flat 
base-plate  at  each  end,  secured  by  a  sh:ip  passing  round  the  tie. 

No.  124521;  date,  March  12,  1,-^72;  R.  M.  Ui>J(ihn. — Longitudinals  under  each  rail, 
of  J_  section,  witli  very  high  vertical  web.  The  rail  is  of  _f\_  section,  and  rests 
upon  the  flanges  of  channel  irons  bolted  to  the  vertical  web  of  the  longitudinals. 

No.  1275'):] ;  date,  Juno  4, 1872  ;  and  No.  130010  ;  date  July  30, 1872 ;  John  L.  Boone.— 
Ties  made  of  a  composition  of  fiber  or  other  material,  saturated  with  asphaltuni  aud 
shaped  under  pressure. 

No.  128120;  date,  June  18,  1872;  Joseph  H.  Connelly. — A  longitudinal  of  concrete  is 
laitl  under  each  rail  aud  covered  with  a  continuous  iron  plate.  The  rails  rest  on 
wooden  tie  plates  aud  are  supported  by  chairs. 

No.  134418;  date,  December  31, 1872;  James  Calkins. — The  coutiuuouslongitudinals 
of  channel  sections  have  lugs  to  hold  the  outer  flange  of  rails  ;  transverse  plates  pro- 
ject over  the  inuer  liange  and  are  bolted  to  the  longitudinals. 

No.  135667 ;  date,  February  11, 1873  ;  Alexander D.  Rock. — Castings  of  "frying-pan " 
shape  ;  the  rail  is  secured  to  a  chair  on  the  bowl,  and  the  ''  handle  "  forms  half  of  a 
transverse  tie-bar;  the  ties  are  connected  by  diagonal  rods. 

No.  136087  ;  date,  February  18, 1873  ;  J.  VV.  Kern.— A  continuous  road-bed  of  A  sec- 
tion, with  t  be  rails  laid  on  the  horizontal  fl.anges.  Transverse  base-plates  at  inter- 
vals.    The  bed  to  be  of  |-inch  boiler  iron. 

No.  139031 ;  date,  May  20, 1873 ;  William  H.  Sterling.— Ties  of  a  compressed  asphaltic 
or  other  composition,  with  wooden  plugs  embedded  in  the  material  to  receive  the  rail 
spikes. 

No.  139518;  date,  June  3,  1873;  "W.  Peck  and  H.  C.  Richmau. — Two  chairs  con- 
nected by  a  horizontal  flat  tie-plate.     Wooden  bearing-blocks  in  the  chairs. 

No.  140411;  date,  July  1,  1873;  C.  W.  Gulick. — Aflat  wrought-iron  cross-tie  with 
ribs,  to  form  a  channel  for  the  flange  of  the  rail.  Fastenings  of  iron  n,  inch  diameter 
under  tie,  passing  up  through  holes  in  the  same,  with  ends  bent  over  rail  flange. 
Ties  about  5  inches  wide  and  -I-  inch  thick. 

No.  142668  ;  date,  September  9,  1873 ;  J.  R.  Beckett. — Street  railways.  Transverse 
rods  forming  tie-plates  for  the  rails  and  braces  for  the  wooden  stringersi 

No.  143407  ;  date,  October  7,  1873;  P.  S.  Devlan. — A  cross-tie  made  of  two  iron  pJates 
on  edge,  fastened  together  at  the  middle  and  widening  out  to  hold  a  wooden  block 
at  each  end. 

No.  144207;  date,  November  4,  1873;  George  Keech, — Longitudinal  plates  under 
each  rail,  with  lugs  to  hold  outside  of  rail  flange.  Trausverse  tie-plates  project  over 
the  inner  flange  and  are  secured  by  hoiizontal  bolts  passing  through  lugs  on  the  base 
plate. 

No.  145250;  date  December  2,  1873;  T.  R.  Timby. — Bowls  of  difterent  forms  cast 
on  the  ends  of  a  deep  flat  steel  or  wrought-iron  tie-bar.  In  the  end  of  the  bar  are 
holes  through  which  the  metal  flow^s  and  thus  secures  the  casting  of  the  bar.  (The 
method  is  similar  in  x)rinciple  to  that  of  the  Chappce  tie  now  being  tried  on  the 
Western  Railway  of  France.)     (See  the  report.) 

No.    145991;  date,    December  30,    1873;  II.    1j.   De  Zeng. — Wrought-iron  cross-tie 

of  I I,  U  U,  or  other  section.     A  clip  stamped  out  of  the  metal  holds  outer  flange 

of  rail;  loose  clip,  secured  by  vertical  key  or  cotter  holds  inner  flange.  (See  Nos. 
155369;  334696;  380623;  400643.) 

No.  146376;  date,  January  13,  1874;  G.  H.  Blaisdell.— A  cast-iron  cross-tie  of  A 
section,  with  wide  flat  deep  ends,  having  sockets  for  wooden  blocks.  A  bolt  passes 
through  both  blocks  and  the  whole  length  of  the  tie. 
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No.  147563;  date,  February  17,  1874;  P.  Kciulrick  an  dJ.  Stokes. — A  cross-tie  made 
of  two  old  rails  laid  parallel,  with  a  wooden  block  between  them  at  each  end,  and 
base-plates  if  desired. 

No.  148242;  date,  March  3,  1874;  George  Potts. — Continuous  bearing  of"  wood  held 
between  two  continuous  iron  stringers  of  ±  section,  the  top  of  the  web  being  bent 
over  to  hold  the  rail  llange.     Bolts  pass  through  the  three  pieces. 

No.  15241)9  ;  date  June  30,  1874  ;  Abram  Dehuff. — The  rails  are  spiked  at  the  tops  of 
short  -wooden  piles  or  stakes,  and  are  connected  by  iron  tie-bars. 

No.  155369;  date,  September  29,  1874  ;  H.  L.  De  Zeug. — A  cross-tie  of  inverted  trough 
Section,  with  open  ends,  but  with  projecting  wings  at  ends  to  prevent  lateral  dis- 
placement.    (See  No.  145991.) 

No.  158437;  date,  January  5,  1875;  S.  L.  Porter  and  Duaue  Peck. — Kite-shaped 
metal  bowls,  with  the  pointed  ends  between  two  diagonal  tie-bars  which  form  an  X. 
The  rails  are  held  by  lugs,  keys  and  screws. 

No.  161153;  date,  March  23,  1874;  S.  L.  Porter  and  Duano  Peck. — Modifications  of 
the  previous  patent.  No.  158437. 

No.  163187;  date,  May  11,  1875;  S.  H.  Hamilton. — An  iron  or  steel  cross-tie  of  square 
hollow  section  throughout  or  only  at  ends.  Fixed  lugs  hold  the  inner  flange  of  rail, 
and  bolted  plates  hold  the  outer  flange. 

No.  163254;  date,  May,  1875;  H.  Reese. — A  rolled  iron  cross-tie  of  T  section;  lugs 
stamped  out  while  hot  from  the  rolls.  Bent  clip  and  horizontal  wedge  fastening  for 
outer  flange  of  rail.     (See  Nos.  214192;  215675  ;  272477;  also  July  13,  1880.) 

No.  164793;  date,  June  22,  1875;  Ramon  Banolas. — Cross-ties  of  I  section^  carrying 
longitudinal  stringers  of  ±  section,  to  which  flangeless  rails  of  ~\  section  are  bolted. 

No.  166625  ;  date,  August  10,  1875  ;  R.  E.  Nichols. — A  continuous  hollow  bearing, 
section  similar  to  lower  half  of  letter  A;  bottom  closed;  top  open  with  horizontal 
flanges  to  carry  the  rail  flange,  cross-ties  of  ( (  section.  Longitudinals  and  cross- 
ties  filled  with  broken  stone. 

No.  171422 ;  date,  December  21,  1875 ;  John  Quigley. — A  cast-iron  cross-tie  with 
chair  combined,  for  street-railway  track. 

No.  172041;  date,  January  11,  1876;  E.  E.  Lewis. — A  cross-tie  of  +  section,  with 
the  top  vertical  flange  cut  away  for  the  rails,  which  are  secured  by  wedges.  (See  Nos. 
183,  766;  198,464.) 

No.  176213;  date  April  18,  1876;  George  D.  Blaisdell. — A  cast-iron  cross-tie,  with 
wide  ends  and  loose  bearing-blocks,  all  held  together  by  a  bolt  running  through  the 
whole  length  of  the  tie. 

No.  182iJ84 ;  date,  October  3,  1876 ;  Leonora  Yates. — Cross-ties  of  "J j~,  "\/- ,  or 

'\jr  section,  the  latter  being  semi-cylindrical,  with  flanges.  The  rails  are  fastened 
by  bolted  clamps. 

No.  183766;  183767;  183768;  date,  October  31,  1876;  E.  E.  Lewis.— A  cross-tie  of 
-(-section;  rails  of  different  forms.     Also  a  joint  tie  of  _LL  section.     (See  172041.) 

No.  185808 ;  date,  December 26, 1876;  D.  S.  Whittenhall.— A  cross-tie  of  y\/\/\ 
section  ;  the  rails  resting  in  notches  in  the  top  ridges.     (See  No.  227602.) 

No.  186710  ;  date,  January  30,  1877  ;  George  W.  Chandler. — Clay,  stone,  or  concrete 
ties  in  two  or  more  pieces ;  a  flat  iron  strap  is  laid  in  a  groove  along  the  top  and 
another  along  the  bottom  ;  these  plates  are  bolted  together.  The  rails  are  held  by 
clamps  screwed  to  the  iron  plates. 

No.  187652;  date,  February  20,  1877;  Walter  MacLellan  and  John  P.  Smith  (Scot- 
land).— Fluted,  corrugated,  or  embossed  rectangular  bowls,  connected  by  tie-bars; 
the  rails  are  held  by  bolted  clamps.  (These  ties  are  manufactured  in  Scotland  and 
are  in  use  in  Imiia  and  Ametralia.)     (See  the  report.) 

No.  188087;  date,  March  6,  1877;  H.  S.  Wilson.— A  cross-tie  of  I  section,  with  fixed 
and  movable  rail-clips. 

No.  188710  ;  date,  March  20,  1877;  N.  S.  White. — A  continuous  bed-i)late  under  each 
rail,  with  cross-ties. 
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No,  190739;  date,  May  15,  1877;  A.  H.  Campbell.— A  cast-iron  cross-tie,  with  sock- 
ets for  wooden  bearing-blocks. 

No.  192842;  date,  July  10,  1877;  A.  W.  Serres. — A  coutinuons  bearing  of  y  sec- 
tion (in  two  pieces)  under  each  rail  with  transverse  tie-bars.  The  web  of  a  tlangeles^ 
rail  lies  between  the  two  vertical  webs.  (This  track  has  been  used  in  Europe  ;  see 
Engineering  News,  New  York,  January  2S,  1887,  page  73  ;  also  Railroad  Gazette,  New 
York,  August  19,  1887.     See  report ;  "  Belgium"  and  "  Austria.") 

No.  197300  ;  date,  November  20,  1877  ;  John  Turner. — Street  railways.  The  woodeu 
stringers  are  connected  by  tie-rods  which  have  flat  plates  or  washers,  held  tight 
against  the  striugers  and  rails  by  nuts.     No  wooden  cross-ties  are  used. 

No.  198060;  date,  December  11,  1877;  John  B.  Ward. — A  longitudinal  pipe  (for 
conveying  water)  under  each  rail ;  the  bottom  of  rail  curved  to  tit  pipe. 

No.  198370;  date,  December  18,  1877;  Josiah  Foster. — Hollow  box  castings,  with 
top  and  bottom  flanges,  are  bolted  to  stone  blocks;  the  rails  rest  on  spring  plates 
and  are  held  by  hook  bolts  to  the  top  flanges  of  the  castings. 

No.  198464;  date,  December  25,  1877;  E.  E.  Lewis — A  cross-tie  consisting  of  an 
old  rail  with  two  notches  cut  to  the  level  of  the  flange  to  admit  the  track  rails.  Two 
rails  with  wooden  bearing-blocks  used  at  joints.     (See  172041.) 

No.  198618;  date,  December  25,  1877;  D.  Horrie. — A  transverse  truss  of  cast  or 
wrought  iron.     Horizontal  hook  bolt  fastenings. 

No.  200737 ;  date,  February  26,  1878 ;  Gustav  Lehlbach.— Street  railways  or  ordi- 
nary railways.     Deep  foundation  columns  under  each  rail. 

No.  201667;  date,  March  26,  1878;  H.  A.  Haarmaun. — Continuous  bearing  for  each 
rail,  with  cross-ties.  This  track  has  been  extensively  used  in  Europe.  (See  En- 
gineering News,  New  York,  January  29,  page  74.)  (See  No.  219856.)  (See  Report, 
"Germany,") 

No.  206647;  date,  July  .30,  1878;  T.  W.  Travis.— A  hollow  cross-tie,  with  boxes  at 
the  ends  open  on  top.  The  rails  are  held  between  two  C  clips  ;  the  groove  holds  the 
flange  rail;  the  upper  w^eb  lies  against  the  rail  web,  and  the  lower  web  is  wedged 
into  the  box.  See  Nos.  214203  and  224808.  (Tried  on  the  Philadelphia  and  Balti- 
more Central  Railway.)     (See  Report,  "United  States.") 

No.  207242;  date,  August  20,  1878 ;  J.  A.  Bonnell.— An  inverted  trough  cross-tie 
with  closed  ends  and  corrugated  top.     Bolted  clips  or  angle-bar  fastenings  for  rails. 

No,  207320;  date,  August  20,  1878;  J,  H.  Thompson. — A  cross-tie  made  in  two 
pieces,  dove-tailed  together  in  the  middle.     The  rails  rest  on  wooden  blocks. 

No.  210681;  date,  December  10,  1878;  George  F.  Folsom.— A  continuous  cast-iron 
bearing  under  each  rail,  connected  by  iron  ties  and  having  sockets  for  round  wooden 
blocks. 

No.  207719;  date,  Septembers,  1878;  AV.  E.  Curtiss. — A  wrought-iron  cross-tie  of 
inverted  trough  section  with  flaring  sides,  having  a  brace  of  the  same  section  inside 
under  each  rail.     The  ends  are  open.     Rails  secured  by  bolted  clips. 

No.  210774 ;  date,  December  10,1878;  F.  B.  Freudenberg. — A  wrought-iron  cross- 
tie  of  somewhat  similar  section  to  the  preceding  one.  Hooked  clips  are  riveted  on 
for  inside  and  outside  flange  on  alternate  ties,  the  rails  being  sprung  into  place. 
Long  ties  for  double  tracks.     Patented  in  Germany,  January  18,  1878. 

No.  211697;  date,  January  28,  1879;  Hamilton  L.  Biicknall  (England).— Glass 
bowls,  cross-ties,  and  stringers. 

No.  212127;  date,  February  11,  1879;  James  Buckner,  jr.— For  street  railways. 
Metal  saddle  plates  on  the  stringers,  to  carry  the  rails,  and  metal  tie-bars. 

No.  214182;  date,  Aprils,  1879;  George  P.  Osborne.— Safety  plates  to  keep  spikes 
from  working  loo.se  when  driven  into  sound-deadening  material,  to  be  used  for  ele- 
vated railways. 

No.  214192  ;  date,  April  8,  1879  ;  H.  Reese.— A  cross-tie  of  T-section,  with  the  ends  of 
the  horizontal  table  turned  down  at  an  angle.  Clip  and  wedge  fastening.  (See  No, 
(163254.) 
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No.  214208;  date,  April  8,  1879  r  T.  W.  Travis. — A  cast-iron  box  under  each  rail, 
with  broad  rectan^iihir  base.  Tie-bar  connections.  The  rails  rest  on  and  are  held 
by  vertical  wedge  clamps.     (See  No.  206047.) 

No.  2ir)G7r);  date,  May  20,  1679;  II.  Keese.— Improvements  upon  No.  214192. 

No.  210840;  date,  June  24,  1879;  L.  A.  Gonch. — A  cross-tie  ot  — [-^  section,  the 
longitudinal  web  being  the  widest  and  haviug  its  edges  turned  up  or  down. 

No.  218442 ;  date,  August  12,  1879  ;  John  Keller.— The  wooden  ties  are  spaced  far 
apart,  and  at  intermediate  points  there  are  bolted  to  the  rail  angle-plates  with  wide 
llaring  tlanges  which  project  below  and  beyond  the  rail-tlauge,  forming  a  sort  of  bowl. 

No.  218559;  date,  August  12,  1879;  S.  Nicholls  (of  England.) — A  continuous  broad 
bed-plate  under  each  rail,  for  street  railways.  The  rail  is  formed  of  two  channels, 
leaving  a  space  between  for  the  wheel-llange  3  C. 

No.  218003;  date,  August  12,  1879;  A.  P.  Whiting. — A  cross-tie  of  h  section,  the 
top  Hange  cut  away  for  the  rails.     Bolted  clips  hold  the  inner  liauges  of  rails. 

No.  218048;  date,  August  19,  1379;  C.  F.  Wagner  (of  Austria).— A  cross-tie  com- 
posed ot  two  parallel  pieces  of  T-sectiou,  fastened  together  by  cross-strijis.  Bolted 
clip  rail  fastenings. 

No.  218878;  date,  August  20,  1879;  C.  Haushaw.— A  cross-tie  made  in  two  pieces 
lengthwise  ;  on  one  piece  are  clips  for  the  inner  flange  of  one  rail  and  the  outer  flange 
of  the  other,  and  on  the  other  piece  are  clips  for  the  outer  and  inner  flanges,  respect- 
ively. The  two  pieces  are  held  together  by  a  flat  horizontal  iey  driven  between 
other  clips  in  the  middle  of  the  tie. 

No.  219856;  date,  September  23, 1879 ;H. A.  Haarmannof  Prussia— (See No.  201007).— 
A  cross-tie  of  inverted  trough  section  with  flaring  sides,  and  a  flat  or  grooved  top 
table.     The  rail  fastenings  are  C  shaped,  with  a  bolt  passing  under  the  rail. 

No.  220020;  date,  September  30,  1879;  H.  T.  Livingston. — A  tubular  cross  tie  of 
oval  section  with  a  flat  surface  under  each  rail.  Rails  fastened  by  bolts  screwed 
into  the  tie.     Interior  of  tie  packed  hard  with  straw,  grass,  etc. 

No.  221590;  date,  November  11,  1879  ;  O.  E.  Mullarky. — A  cross-tie  of  channel  sec- 
tion r 1  with  wooden  bearing-blocks  wedged  inside  under  the  rails.     The  rails  are 

fastened  by  bolted  clips. 

No.  223187  ;  date,  December  30,  1879  ;  J.  R.  Sullivan. — Two  separate  cast-iron  bear- 
ing pieces  connected  by  a  tie-bar.     Each  rail  is  secured  by  a  cast-iron  wedge. 

No.  224808 ;  date,  February  24,  1880  ;  T.  W.  Travis.— A  bridge  support  is  placed 
between  the  ties,  the  top  supporting  the  rail  and  the  ends  resting  on  adjacent  ties. 
The  object  is  to  enable  ties  to  be  spaced  farther  apart  than  usual.     See  No.  (214208). 

No.  220308;  date,  April  6,  1880;  A.  Greig  (patented  in  England,  March  25,  1879).— 
Flat  cross-ties,  with  one  or  two  grooves  along  the  whole  length.  A  brace  or  clip  is 
riveted  to  hold  the  outside  of  the  rail,  and  the  rail  is  held  against  it  by  a  hook-bolt, 
the  body  of  which  lies  in  the  groove  and  has  a  nut  at  the  end  of  the  tie.  TThis  sys- 
tem is  much  used  for  portable  railways  manufactured  in  England.) 

No.  227602  ;  date,  May  11, 1880  ;  D.  S.   Whittenhall.  -Improvements  on  No.  185808. 

No.  9292  (re- issue);  date,  July  13,  1880;  H.  Reese.— (See  No.  214192.) 

No.  230816;  date,  August  3,  1880;  William  Rainbow. — Cast-iron  bowls  of  different 
forms,  of  approximately  conical  shape  ;  they  are  connected  by  tie-bars. 

No.  230826;  date,  August  3,  1880;  Lewis  Scofleld. — A  cross-tie  of  J\_  section. 
Riveted  and  bolted  clips  for  rail  fastenings.     (See  Report;  "  United  States.") 

No.  231755;  date,  August  31, 1880;  William  Brown.— A  hollow  cross-tie  of  rectan- 
gular section,  with  concave  bottom  and  open  ends.  A  rib  at  the  ends  keeps  the  rail 
in  position,  and  is  fastened  down  by  hooked  bolts  with  nuts  inside  the  tie. 

No.  233528  ;  date,  October  19,  1880;  W.  C.  Lutz.— A  cross-tie  of  1  section,  with  the 
rails  secured  by  flat  hooked  clips  bolted  to  the  side  of  the  vertical  web.  (See  No. 
241389.) 

No.  235078;  date,  December  7,  1880  ;  G.  FI.  Gilman. — A  cast-iron  cross-tie  of  rect- 
angular section,  with  grooves  to  reduce  the  weight.  The  rails  are  held  by  fixed  and 
movable  lugs. 


332 

No.  235321;  date,  December  7,  1880;  F.  A.  Williams.— The  two  broad  bearing 
plates,  ou  whic  h  the  rails  i  est,  are  couuected  by  two  transverse  tie-plates,  placed  on 
edge. 

No.  235706;  date,  December  21,  1880;  S.  F.  Seely. — Metal  lougitudiuals  of  rectan- 
gular form,  with  flaring  sides  and  ends.  Flaugeless  T-rails  are  used,  with  the  weU 
bolted  agaiust  the  leg  of  a  T-iron  on  the  longitudinal. 

No.  239511 ;  March  29,  1881 ;  Joseph  Kiudelan. — Rail  brace  and  tie-bar  for  curve>. 

No.  240511;  April  26,  1881;  D.  R.  V.  Goetchins.— A  flat  tie-bar  with  wide  ends  i^ 
bolted  on  to  a  wooden  tie ;  the  ends  have  lugs  for  the  rail  flanges. 

No.  240987  ;  date,  May  3,  1881 ;  I.  W.  Fleck. — A  cross-tie  made  of  an  ordinary  rail. 
head  down,  with  strengthening  sections  and  a  broad  base-plate  bolted  to  it.  It  :- 
curved  into  an  arched  form,  high  in  the  middle,  with  the  ends  level  for  the  track 
rails. 

No.  241389;  date,  May  10,  1881  ;  W.  C.  Lutz.— A  cross-tie  of  cylindrical  form,  with 
flat  bearing  surfaces  for  the  rails;  or  with  a  vertical  web  ou  top,  with  notches  for  the 
rails.     (See  No.  233528.) 

No.  241724;  date.  May  17,  1881;  J.  C.  Rupp. — The  tie  consists  of  a  block  under 
each  rail,  with  a  connecting  tie-bar.     (See  No.  245222.) 

No.  242850  ;  date,  June  14,  1881 ;  H.  Thielsen. — Cross-tie  of  T-section;  in  two  halves, 
one  under  each  rail.  Bent  clips  formed  out  of  the  metal  of  the  tie.  The  two  pieces 
keyed  together  at  the  middle.     (See  No.  317244.) 

No.  244003;  date,  July  5,  1881;  George  W.  Vroman.— Each  tie  is  in  two  pieces, 
each  of  which  consists  of  a  rectangular  plate  and  half  a  tie-bar.  Lugs  are  placed 
diagonally  on  the  plates.  The  plates  are  put  under  the  rails,  so  that  the  latter  will 
rest  between  the  lugs  ;  the  plates  are  then  swung  round,  bringing  the  ends  of  the  rods 
together,  and  bringing  the  lugs  over  the  rail  flanges.  (This  is  similar  to  the  ties  pro- 
posed by  Mr.  Moore  in  India.     (See  Report.) 

No.  245222;  date,  August  2,  1881 ;  J.  C.  Rupp. — The  block  under  each  rail  is  of  I- 
section;  and  each  pair  is  connected  by  two  tie-rods,  forming  an  X.    (See No.  241724. ) 

No.  245440;  date,  August  9,  1881;  Thomas  Breen. — A  cast-iron  chair  or  support  is 
placed  under  each  rail,  and  the  pairs  are  couuected  by  tie-bars.  The  rails  are  se- 
cured by  bolted  clamps.     (See  Nos.  272850  and  294191.) 

No.  246883  ;  date,  September  13,  1881 ;  G.  A.  Jones. — A  cross- tie  of  1  section,  with 
the  ends  formed  into  a  chair.  The  rail  is  held  in  the  chair  and  spiked  to  a  wood 
block. 

No.  247248;  date,  September  20,  1881  ;  Levi  Haas.— A  cross-tie  made  of  an  old  rail 
with  the  ends  resting  on  wood  blocks ;  the  track  rails  are  secured  to  the  top  of  the 
tie.     (See  253374,  257572,  282309,  315771,  389464,  391704,  406346,  420299.) 

Nos.  249270  and  249271 ;  date,  November  8,  1881 ;  E.  H.  Tobey.— Cross- ties  of  J | 

or  V  section  ;  the  rails  are  held  in  chairs  resting  ou  wooden  blocks. 

No.  249503  ;  date,  November  15,  1881 ;  J.  Clark.— A  cross-tie  of  semi-circular  section 

•"- -N,  the  bottom  fastened  to  a  flat  bed-plate  the  whole  length  of  the  tie ;  the  top  of 

the  arch  cut  away  for  the  rail.     (See  256199, 259095, 270637,  358144,  also  August  5, 1884.) 

No.  251251 ;  date,  December  20, 1881 ;  C.  F.  Kreuz.— A  flat  cros.s-tie  with  thickened 
ends  to  hold  the  outer  flanges  of  the  rails  and  a  flat  cross-tie  with  another  flat  piece 
resting  on  it  to  hold  the  inner  flanges  of  the  rails.  These  ties  are  placed  alternately. 
(See  No.  263919.) 

No.  251625;  date,  December  27, 1881  ;  William  Morris  (England).— Concrete  chairs 
and  blocks  for  railways  and  street  railways. 

No.  253374  ;  date,  February  7,  1882;  Levi  Haas.— Iron  ties  in  two  pieces,  connected 
by  a  tie-bar.     It  is  designed  to  be  made  of  old  flange  rails.     (See  No.  247248.) 

No.  253381 ;  date,  February  7,  1882 ;  Charles  F.  Herbst.— Cast-iron  bolts,  rectangu- 
lar and  pyramidical ;  each  pair  of  bowls  is  connected  by  a  tie-rod,  having  a  nut  on 
each  side  of  each  bowl.     The  rails  are  held  by  wedged  and  bolted  clamps. 

No.  254802;  date  March  14,  1882;  J.  Conley.— A  flat  cross-tie  in  two  pieces,  with 
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tlio  inner  end  of^?acIi  turned  up  so  as  to  bo  boltod  together.  Under  the  rails  the  sides 
are  turned  down.     Clips  are  stamped  out  of  the  ractal,     (See  No.  33*2384.) 

No.  2o5554;  date,  March  28,  1882  ;  F.  A.  Williams.— A  cross-tie  of  shallow  inverted 
trough-section,  with  broad  ends.  The  rails  are  hold  against  fixed  clips  by  plates  the 
whole  length  of  the  tie,  placed  on  edge,  underneath,  with  a  hooked  end  to  hold  the 
rail  tlange.    These  plates  are  secured  by  a  horizontal  key  in  the  middle  of  the  tie. 

No.  '25GI99;  date,  April  11,  1882;  J.  Clark.— Improvements  upon  No.  249503. 

No.  257437  ;  date.  May  2.  1832  ;  H.  Do  Zavala. — A  cross-tie  of  _X\_  section,  with 
U-bolts  passing  under  the  rail  and  having  nuts  screwed  down  on  the  rail  flange. 

No.  257572;  date,  May  9,  1882;  Levi  Haas.  ~A  cross-tie  consisting  of  two  cast-iron 
bed-plates,  with  bearing-blocks  to  which  the  rails  are  bolted.  A  tie-bar  connects  the 
two  bt'd-plates.     See  Nos.  247248,  282309,  31.5771,  389464,  406346,  and  420299. 

No.  259095  ;  date,  June  6,  1882;  J.  Clark.— Further  improvements  on  No.  249503. 

No.  259726;  date,  June  20,  1882;  Daniel  Smith. — A  transverse  tie-bar  with  wide 
flat  ends,  having  lugs  to  hold  the  rail  flange  ;  but  the  rails  have  to  be  slipped  into 
these  chairs,  there  being  no  loose  or  adjustable  parts.  Each  end  rests  on  a  wooden 
block  of  white  oak,  8  inches  square  and  2  inches  thick,  which  rests  on  a  stone  block. 

No.  259323;  date,  June  20,  1882;  A.  L.  Cubberlery. — A  flat  cast-iron  cross-tie,  with 
concave  bottom,  and  dovetail  grooves  on  top,  for  sliding  rail  fastenings  into  place. 

No.  259891;  date,  June  20,  1882;  J.  H.  Meacham, — A  cross-tie  of  ±  section,  with 
end  boxes  for  wood  blocks,  to  which  the  rails  are  secured  by  hook-bolts. 

No.  260231 ;  date,  June  27,  1882 ;  J.  Parr. — A  cast-iron  cross-tie  with  fixed  and  mov- 
able lugs  for  the  flanges  of  the  rails.     (See  No.  277333.) 

No.  260724  ;  date,  July  4,  1882;  A.  L.  Withers,  jr. — Each  rail  rests  in  a  groove  on 
a  metal  block  ;  the  blocks  have  dovetailed  recesses  for  rail-clamps  and  tie-bars. 

No.  263078;  date,  August  22,  1882;  Francis  Tunica.— The  rails  rest  in  T  shaped 
chairs,  secured  to  circular  blocks  of  metal  resting  on  a  concrete  base.  Each  block 
has  two  tie-rods,  which  run  not  to  the  opposite  block,  but  to  the  blocks  to  the  right 
and  left  of  the  opposite  block  ;  so  that  the  rods  form  horizontal  triangular  bracing 
or  trussing. 

No.  263919;  date,  September  5,  1882;  C.  F.  Kreuz. — A  cross-tie  of  m  section,  the 
rails  resting  on  the  web  and  secured  by  wedges.     An  improvement  on  No.  251251. 

No.  265543;  date,  October  3,  1882 ;  E.  D.  Samain. — A  flat  tie-bar  with  lugs  on  the 
ends,  and  a  bolted  plate  with  lugs  to  hold  the  inner  side  of  the  rail  flange. 

No.  265760  ;  date,  October  10, 1882  ;  M.  I.  Cortright.— A  cross-tie  with  two  grooves 
or  corrugations  in  its  length,  and  with  notches  to  receive  the  flange  of  the  rails. 

No.  2G7930  ;  date,  November  21,  1882  ;  G.  L.  Putnam.— A  cross-tie  of  square-section, 
hollow  or  solid,  with  hooked  spikes  put  in  place  from  the  bottom  and  tapering  up- 
wards.    (See  No.  285842.) 

No.  269442;  date,  December  19,  1882;  R.  B.  Meeker.— Cross-ties  of  T  section,  with 
broad  table.  Flat  horizontal  bars  with  turned  up  ends,  used  alternately  with  the 
ties.     The  rail  to  be  of  extra  height,  bolted  to  chairs. 

No.  270637;  date,  January  16,  1883;  J.  Clark.— A  flat  cross-tie  with  arched  bearing- 
plates  and  chairs.     (See  No.  249503.) 

No.  272477  ;  date,  February  20,  1883;  Henry  Reese. — A  cross-tie  of  inverted  trough 
sections,  having  flaring  sides  and  a  middle  interior  rib  ;  carries  longitudinal  plates  of 
similar  section  to  which  the  rails  are  secured  by  gibs.  The  gibs  are  held  in  place 
by  a  horizontal  screw  and  nut  placed  between  the  gib  and  counter-gib.  (See  No. 
163-,^54.) 

No.  272850  ;  date,  February  27,  1883  ;  T.  Breen. — A  flat  cross-tie,  twisted  spirally  in 
the  middle  and  having  the  ends  turned  up.     (See  No.  245440.) 

No.  274309  ;  date,  March  20,  1883 ;  W.  H.  Gibbs  and  George  Snook.— A  cross-tie  of 
±  section,  with  supports  for  a  rail-cnair  of  inverted  trough  sections,  with  a  wooden 
block,  to  which  the  rail  is  secnred  by  hooked  clamps. 

No.  276414;  date,  April  24,  1883;  E.  B.  Hungerford. — A  cross- tic  of  nhallow  chan- 
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nel  section  1 |.     Tlie  flanges  are  cat  away  and  notched  to  bold  the  rail-flange,  and 

the  rail  rests  on  a  loose  bed-jilate  with  a  clip  to  hold  the  other  flange;  the  phite  being 
held  in  place  by  a  horizontal  key  driven  through  holes  in  the  tie-flanges. 

No.  277000 ;  date,  May  8,  1883 ;  T.  J.  Bronson  and  A.  Armstrong. — The  rails  rest  in 
grooves  on  separate  blocks,  and  are  held  together  and  in  place  by  tie-bars  and  bolted 
clamps.     (See  No.  289806.) 

No.  277333;  date,  May  8,  1883  ;  J.  Parr.— A  hollow  cast-iron  cross-tie.  The  rails 
are  secured  to  loose  chairs  having  long  projections  which  run  nearly  through  the  tie 
and  are  secured  by  a  vertical  bolt  at  the  middle  of  the  tie.     (See  No.  260231.) 

No.  279280 ;  date,  June  12,  1883  ;  Fridolf  Schaumanu  (England). — Concrete  blocks 
with  prepared  cork  tie-plates.  Chairs  are  secured  by  bolts;  or  flange  rails  resting 
direct  on  the  cork  plates  are  secured  by  clamps  held  by  bolts  passing  through  the 
concrete  block. 

No.  280110;  date,  June  26,  1883;  S.  B.  Wright.— A  cross-tie  of  inverted  trough  sec- 
tion, with  the  inside  of  the  top  arched.     (See  No.  298539.) 

No.  280200 ;  date,  June  26,  1883  ;  J.  Mahoney  and  D.  W.  Shockley.— A  cross-tie  of 

I  I      section,  with  wooden  bearing  blocks.     (See  No.  370634.) 

No.  281806;  date,  July  24, 1883;  A.  R.  Spaulding. — A  cross-tie  of  channel  section 
I  I,  to  which  the  rail  is  fastened  by  a  series  of  flat  horizontal  keys  or  wedges  in 
dove-tailed  grooves. 

No.  282309;  date,  July  31,  1883;  Levi  Haas. — Heavy  cast-iron  chairs,  connected 
by  tie-bars.     (See  No.  247248.) 

No.  283076;  date,  August  14,  1883;  J.  L.  Chapman. — Cross-ties  of  shallow  chan- 
nel [ |,  or  of  two  flat  plates,  one  above  the  other,  separated  by  distance-blocks. 

Each  rail  is  secured  by  bolted  clips  to  a  bed-plate. 

No.  283230;  date,  August  14,  1883;  H.  F.  Flickinger.— A  cross-tie  of  I  section,  to 
which  the  rails  are  secured  by  H  bolts,  with  the  nuts  on  the  under  side  of  the  top 
flange  of  the  tie. 

No.  284157;  date,  August  28,  1883;  J.  W.  Young. — A  hollow  open-sided,  elastic 
cross-tie  of  3  section  ;  to  be  filled  with  ballast  or  earth  on  surface  lines.     Two 

or  more  of  these  plates  to  be  placed  inside  one  another,  with  one  side  open,  or  to 
form  a  closed  tie.     It  is  claimed  to  be  adapted  to  elevated  roads. 

No.  285833;  date,  October  2,  1883;    John  Newton.— Channel-iron  stringers  | ] 

■with  flat  cross-ties  fastened  to  the  top. 

No.  285842;  date,  October  2,  1883;  George  L.  Putnam.— A  cross-tie  of  T  section, 
depressed  in  the  middle  to  hold  a  water  trough  for  supplying  locomotives.  The  rails 
are  secured  by  bolted  clips.     (See  No.  267930.) 

No.  285986;  date,  October  2,  1883;  Clark  Fisher. — A  bent  plate  cross-tie  of  U  sec- 
tion in  the  middle  with  flat  ends.  A  U  bolt  passes  under  the  rail,  and  washers  are 
screwed  down  on  the  rail-flange  by  the  nuts. 

No.  286651;  date,  October  16,  1883;  E.  L.  Taylor.— Separate  rail  bearers  or  bowls 
connected  by  tie-bars.  Lugs  or  clamps  on  the  bowl  hold  the  inuer  flange  of  the  rail, 
and  a  lug  on  the  end  of  the  tie-bar  holds  the  outer  flange.  (See  report  ''United 
States.")     Wooden  or  stone  blocks  may  be  used.     (See  No.  371993  and  No.  382470.) 

No.  287418;  date,  October  30, 1883;  J.  J.  Clarke  (of  Peru).— A  flat  plate  tie  for  port- 
able railway  track,  with  special  joint  fastenings.  (Assigned  to  A.  W.  Colwell,  New 
York.) 

No.  289806;  date,  December  11,  1883;  T.  J.  Bronson  and  A.  Armstrong.— An  iron 
or  steel  cross-tie  of  approximately  semi-cylindrical  section  0,  with  lugs  struck  up  by 
means  of  dies.     (See  No.  277000.) 

No.  290793;  date,  December  25,  1883;  L.  O.  Orton. — A  flat  inverted  trough  cross- 
tie,  with  wedge-shaped  boxes  projecting  above  and  below  to  hold  the  bearing  blocks 
and  fastenings. 

No.  291514;  date,  January  8,  1884;  H.  R.  Holbrook. — A  hollow  cross-tie  of  oval 
section  with  thickened  portions  under  the  rails ;  rails  secured  by  bolted  clips. 
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No.  291523;  date,  Jauuary  8, 1S84  ;  Jobu  G,  Krichbaum. — Lar«]je,  deep  castiugs  con- 
nected by  tie-bars;  rails  held  by  bolted  clamps. 

No.  2024'21 ;  date,  Jaunaiy  22,1884;  J.  J.  Dn  Bois. — A  cross-tie  with  dove-tailed 
groove  for  rail  aud  a  wed^e  fastening. 

No.  29:U94;  date,  February  5, 1884  ;  J.  Keven. — A  tiat  tie-bar  to  keep  rails  from 
spreading;  one  end  bent  up  to  bold  rail,  the  other  end  having  thread  and  nut  with 
movable  clamp. 

No.  293302 ;  date,  February  12,  1884  ;  George  W.  Bloodgood. — Bolted  clips  for  fast- 
ening rails  to  ties  of  inverted-trough  section. 

No.  294191 ;  date,  February  26,  1884  ;  T.  Breen.— A  cross-tie  made  in  two  pieces, 
lengthwise  ;  placed  side  by  side,  holding  the  rail  chairs  and  fastenings  between  them. 
(See  No.  245440.) 

No.  296725 ;  date,  April  15,  1884  ;  W.  T.  Carter. — A  hollow  cross-tie,  with  flat  top 
and  bottom  and  concave  sides. 

No.  29S539 ;  date.  May  13,  1884  ;  S.  B.  Wright. — Fastening  rails  to  inverted  cross- 
ties  by  clips  and  T-headed  bolts.     (See  No.  280110.) 

No.  299345;  date,  May  27,  1884  ;  Joseph  Chater  (India). — Cast-iron  plates  -with 
jaws  forming  a  rail  chair  ;  the  plates  are  connected  by  tie-bars.  The  general  design 
is  similar  to  that  of  the  Denham  and  Olpherts  ties,  used  in  India.  (Patented  in  India, 
December  8,  1883;  England,  January  8,  1884;  France,  February  1,  1884;  Germany, 
February  7,  1884.) 

No.  299557 ;  date  June  3,  1884  ;  J.  Lockhart. — A  clamp  or  tie-rod,  to  be  used  in 
connection  wnth  wooden  ties.  A  tie  rod,  running  across  the  track,  has  clamps  to  hold 
the  rail  flanges,  the  inner  clamps  being  held  by  set-screws.  It  is  claimed  that  soft 
wood  ties  can  be  used,  as  there  will  be  no  tendency  for  the  rails  to  spread.  (See  No. 
32728:..) 

No.  302664 ;  date,  July  29,  1884  ;  Joseph  Monier  (France). — A  metal  skeleton  or 
framework  covered  with  concrete,  artificial  stone,  etc. 

No.  302965  and  No.  302966 ;  date,  August  5,  1884  ;  C.   S.  Westbrook.— A  cross-tie 

of  I 1  section,  with  parts  of  the  horizontal  table  cut  away.     The  rails  are  held  by 

riveted  aud  keyed  angle-plates. 

Nos.  10504  and  10505  (re-issues)  ;  date,  August  5,  1884  ;  J.  Clark. — Improvements 
in  No.  249503. 

No.  303373;  date,  August  12,  1884;  E.  G.  Holtham  (of  England).— Patented  in  Eng- 
land December  22,  1883. — Broad  longitudinals  under  each  rail,  with  transverse  tie- 
rods,  and  with  additioual  side  plates  to  increase  the  bearing  on  the  ballast. 

No.  303540  ;  date,  August  12,  1884  ;  W.  G.  Olpherts  (India).— The  tie  consists  of 
cast-iron  plates  connected  by  a  tie-bar.  The  rails  are  held  by  jaws  secured  by  cot- 
ters driven  through  the  plate,  tie-bar,  and  jaw.  Patented  in  India,  July  24,  1877; 
England,  February  17,  1879.     (See  report  ''  India.") 

No.  304622  ;  date,  September  22,  1884  :  Charles  H.  Denham  (India).— Somewhat 
similar  to  No.  303540,  but  having  the  rail  or  chair  bolted  to  a  wooden  block.  Pat- 
ented in  India,  November  6,  1876;  England,  June  28,  1877.     (See  report  ''India") 

No.  304746 ;  date,  September  9,  1884  :  G.  AV.  B.  Neal. — A  cross-tie  made  of  triangular 
section,  with  the  rails  carried  in  and  bolted  to  chairs  fastened  to  the  apex  of  the  tie. 

No.  305156;  date,  September  16,  1884  ;  A.  X.  D.  Delffs.— A  concrete  tie,  with 
wooden  blocks  to  which  the  rails  are  spiked. 

No.  306090;  date,  October  7,  1884;  Robert  Moifly. — A  cross-tie  made  of  three  pieces 
the  full  length  of  the  tie,  bolted  together  so  as  to  form  a  1-slot  along  it,  in  which 
the  rail  fastenings  slide. 

No.  306139;  date,  October  7,  1884  ;  B.  W.  De  Courcy.— A  cross-tie  of      r^     r\ 
section,  w^ith  the  rails  resting  on  the  top,  and  secured  by  hooked  clamps  bolted  to- 
gether below  the  rail. 

No.  30942S ;  date,  December  16,  1884  ;  J.  H.  Williams. — A  cross-tie  of  U-8°ction, 
with  wooden  blocks  to  which  the  rails  are  spiked. 
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No.  310269;  date,  January  6,  1885;  Abraham  Gottlieb.— A  cross-tie  of  invcrtcii 
trough  section,  with  a  groove  along  its  top  table.  The  rail  is  fastened  by  bolted 
clips  or  a  special  form  of  locking  plate  or  chair. 

No.  310794;  date,  January  13,  1885;  John  K.  Clark. — Each  tie  consists  of  two  i. 
(tee)  shaped  supports,  with  triangular  wings;  the  supports  are  connected  by  a  lie- 
rod.     (See  Nos.  323275,  350478,  and  362608.) 

No.  310878;  date,  January  20,  1885;  John  T.  Campbell. — Metal  lougitudinals,  with 
ribs  on  top  forming  a  channel  for  the  webof  aflangelessT-rail.     Transverse  tie  bars. 

No.  312566;  date,  February  17,  1885;  W.  H.  Knowlton. — Cross-ties  of  different  sec- 
tions. 

No.  312717;  date,  February  27,  1885  ;  E.  N.  Higley. — A  flat  cross-tie,  with  sides  and 
ends  turned  down  and  with  a  vertical  rib  along  the  middle.  This  rib  cut  away  for 
the  rails,  which  are  fastened  by  boUed  clips.  General  section  thus  /- — ^ — «^ .  (See 
Nos.  334228  and  353028.)  Manufactured  by  the  International  Railway  Tie  Com- 
pany, of  New  York.     (See  report,  "  United  States.") 

No.  312881 ;  date,  February  24,  1S85  :  W.  McVey. — A  metal  cross-tie  in  two  pieces, 
mortised  together  at  the  middle  and  secured  by  a  bolt. 

No.  313072  ;  date,  March  3,  1885  ;  A.  A.  Harrison. — A  combined  flat  longitudinal  and 
cross-tie  ;  the  cross-tie  having  plate  at  right  angles,  and  being  laid  so  that  these  plates 
of  adjacent  ties  meet. 

No.  313260;  date,  March  3,1885;  L.  0.  Vanderbilt  and  M.  E.  Company. — Each  tie 
consists  of  a  pair  of  hollow  inverted  bowls,  connected  by  a  tie-bar.  The  rails  are  held 
by  bolted  clamps. 

No.  313512;  date,  March  10,  1835;  A.  J.  Moxham. — Cross-ties  of  inverted  trough 
section,  with  riveted  angle-irons  on  top,  to  which  rail  (principally  girder  street  rails) 
are  bolted  or  riveted.     (See  Nos.  319010  and  355778.) 

No.  313778  ;  date,  March  10,  1885  ;  C.  M.  Seltzer  and  O.  T.  Moock.— For  street  rail- 
ways.    Improvements  in  rail  fastenings  and  stringers. 

No.  314158  ;  date,  March  17,  1885  ;  C.  M.  Van  Orman. — A  cross-tie  of  semi-circular 

section  / X  with  a  cast-iron  saddle  at  each  end ;  the  saddle  has  a  lug  fitting  into 

a  hole  in  the  tie  and  two  diagonal  holes  for  rail  spikes. 

No.  314757  ;  date,  March  31,  1885  ;  C.  H.  Van  Orden. — A  cross-tie  of  T  section,  with 
a  rail  chair  at  each  end,  the  rails  being  secured  by  bolts  which  have  hooked  ends 
passing  through  the  top  of  the  tie. 

No.  315047;  date,  April  7,  1685;  M.  A.  Martiudale. — Longitudinals  of  inverted  trough 
section,  with  rails  forming  a  part  of  or  bolted  to  the  top  table.  Connected  by  trans- 
verse tie-plates.     Claimed  to  be  adapted  for  laying  along  highways. 

No.  315771 ;  date,  April  14,  1885  ;  L.  Haas. — A  cross-tie  made  of  two  pieces  the  full 
length  of  the  tie,  with  the  section  of  figure  1,  having  wooden  bearing  blocks,  to  which 
the  rails  are  spiked.     (.See  No.  247248.) 

No.  317244;  date  May  5,  1885;  H.  Thielsen.— A  cross-tie  of  T  section,  the  sides  of 
the  top  table  being  turned  down.     (See  No.  242850.) 

No.  317763;  date,  May  12,  1885;  M.  A.  Glynn  (of  Cuba).— Cross-ties  of  .TL  or  T 
section;  also  longitudinals  of  inverted  trough  section. 

No.  317988;  date.  May  U-,  1885;  T.  H.  Gibbon. — Longitudinals  with  short  spaces 
between  them  and  connected  by  transverse  tie-bars.  The  rails  are  held  by  clamps 
and  lugs.     (See  Nos.  320869  and  347236.) 

No.  319010;  date,  June  2,  1885;  A.  J.  Moxham.— A  cross-tie  made  of  two  angle- 
irons,  with  distance  plates  at  the  ends  and  middle  |  | ;  the  rails  are  bolted  to 
high  chairs.  The  tie  is  intended  for  street  railways,  and  is  shown  with  a  center- 
bearing  girder-rail.     (See  No.  313512.) 

No.  319813  ;  date,  June  9,  1885;  G.  C.  H.  Hasskarl — A  hollow  box  cross-tie,  with  a 
V-sbaped  web  inside;  the  small  middle  space  receiving  the  T-heads  of  the  track-bolts. 
It  is  also  to  be  used  as  a  longitudinal  sleeper  for  street  railways,  the  two  lar2;e  side 
spaces  being  used  as  conduits  for  telegraph  wires,  etc. 
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No.  3'20231 ;  date,  June  16,  1885  ;  E.  D.  Dougherty  and  George  B.  Bryant.  -A  cross- 
tie  of  rectangular  section,  with  an  opening  in  the  top  table  to  receive  a  smaller  cross- 
tie  to  which  the  rails  are  fastiMied,  and  which  rests  on  springs  placed  in  the  larger 
box. 

No.  0*20869 ;  date,  June  23,  188.">  ;  Thomas  H.  Gibbon. — A  modification  of  former 
patent  ;  adapted  for  street  railways.      (See  Nos.  317988,  347236,  363513,  403465.) 

No.  322621;  date,  July  14,  1885;  Petheriek  Davey. — A  tie  composed  of  two  plates 
and  chairs  connected  by  a  tie-bar.     Tlie  rails  are  held  by  keyed  clamps. 

No.  323275;  date,  July  28,  1885;  John  K.  Clark. — Separate  rail  supports  of  T  form, 
connected  by  a  broad  Hat  tie-bar,  having  the  ends  turned  up  and  bolted  to  the  rail 
support.     (See  No.  310794.) 

No.  323356;  date,  July  28,  1885;  G.  Murray. — A  flat  cross-tie  thickened  under  the 
rail,  and  having  a  rib  at  the  bottom  under  each  rail  and  in  the  middle  ;  the  rails  se- 
cured by  bolted  plates. 

No.  323430;  date,  August  4,  1885;  J.  K.  Lake. — A  combined  metal  stringer  and 
chair  for  street  railways. 

No.  323809;  date,  August  4,  1885  :  William  B.  Heuniug. — A  longitudinal  plate  lies 
under  each  rail ;  with  cross-ties  having  deep  ends,  with  T  slots  to  receive  the  web  and 
flange  of  the  rails.     (See  No.  376-84.) 

No.  325020;  date,  August  25,  1885;  R.  R.  Shepard. — A  cross-tie  of  channel  section 
I  I  with  one  outer  and  one  inner  lug  for  each  rail,  and  two  |  slots  for  clips  of 
I  shape  with  eccentric  heads. 

No.  326874;  date,  September  22, 1885  ;  P.  Kirk  (of  England).— A  cross-tie  with  in- 
creased thickness  at  the  rail  seats,  and  with  two  lugs  or  clips  punched  up  to  hold  the 
flange  of  each  rail;  the  rail  being  secured  by  a  wedge  driven  between  the  flange 
and  one  of  the  lugs  (patented  in  England,  France,  Belgium,  and  Spain  in  1885). 

No.  327285;  date,  September  29,1885;  J.  Lockhart. — An  improvement  upon  No. 
299557. 

No.  327667  ;  date,  October  6,  1835 ;  P.  H.  Dudley. — Separate  rail  supports  connected 
by  tie-bars.  Each  support  consists  of  a  hollow  rectangular  box,  open  on  top,  set  on 
a  wide  r  ctaugular  base  or  bowl.  The  box  has  a  partial  filling  of  sand,  upon  which 
rests  a  block  of  compressed  wood  or  wood-pulp  :  the  rail  rests  on  this  block  and  is 
secured  by  bolted  clamps.  The  heads  of  the  bolts  are  inside  the  bowl.  One  object 
is  to  enable  the  rails  to  be  raised  or  '•  shimmed"  without  disturbing  the  ballast. 
At  the  joints  the  bowl  is  long  enough  to  carry  two  or  three  ''boxes,"  according  to 
whether  the  rail-joint  is  suspended  or  supported. 

Nos.  327745  and  327843;  date,  October  6,  1885;  L.  E.  Whipple. — A  cross-tie  of  X 
section,  made  of  two  curved  plates  placed  back  to  back  and  having  flat  plate  across 
top  and  bottom. 

No.  328632 ;  date,  October  20,  1885 ;  J.  S.  Ammon. — A  cross-tie  of  A  section  with  rail 
chairs  secured  to  the  top  ridge. 

No.  329429;  date,  November  3,  1865  ;  G.  E.  Baldwin. — A  pair  of  rail  chairs  of  _PL 
shape,  resting  on  wooden  blocks  and  tied  together  by  a  rod.  The  top  table  has  a 
groove  to  receive  the  web  of  a  rail  of  T  section,  having  no  bottom  flange.  Intended 
especially  for  city  railways. 

No.  329821 ;  date,  November  3,  1885  ;  P.  Davey. — A  cross-tie  of  channel  section,  ro 
which  the  rails  are  secured  by  keys  and  Z -shaped  clamps,  the  lower  part  of  the  latter 
lyiug  inside  the  tie. 

No.  332384;  date,  December  15,  1885  ;  J.  Conley. — A  fastening  for  attaching  rails  to 
metal  ties,  which  have  lugs  to  hold  the  outer  flange  of  rail.  The  fastening  is  a  bar 
inside  the  tie,  with  a  hook  at  one  end  projecting  through  a  hole  and  holding  the  rail 
flange,  while  the  other  end  is  bent  up  against  the  end  of  the  tie.     (See  No.  254802.) 

No.  332707;  date,  December 22,  1885;  .Tacob  Frysinger. — Wooden  stringers  are  con- 
nected by  metal  cross-ties  of  I  section,  having  the  web  cut  away  at  the  ends  to  admit 
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the  stringers.     The  rails  are  secured  by  bolts  passing  through  the  stringers  and  the 
flanges  of  the  ties.     (See  No.  400558.) 

No.  333015  ;  date,  December  2-3,  1885 ;  J.  Howard  and  E.  T.  Bousiield  (of  England).— 
A  cross-tie  of/*  N^  section,  with  a  U-shaped  depression  for  each  rail,  the  rail  being 
secured  with  a  wooden  wedge.  See  report,  "  England."  (These  ties  have  been  used 
with  the  English  double-headed  rail ;  patented  in  England.)     (See  No.  335523.) 

No.  333480  ;  date,  December  29,  1885  ;  L.  B.  Prindle. — A  steel  cross-tie  three-eighths 
to  1  inch  thick ;  channel  section  J  I ;  at  each  end  is  a  slot  to  receive  a  tenon  at 
the  bottom  of  a  rail  ch^iir. 

No.  334228;  date,  January  12,  188G;  E.  N.  Higley. — An  improvement  on  No.  312717. 

No.  334696:  date,  January  19,  1886;  H.  L.  De  Zeng. — An  improvement  in  fasten- 
ings.    (See  No.  145991.) 

No.  335523;  date,  February  2,  1886;  J.  Howard  and  E.  T.  Bousiield  (of  England).— 
A  cross-tie  made  of  a  metal  sheet  or  plate,  with  one  or  more  corrugations  lengthwise, 
the  rails  being  held  in  chairs  made  by  cutting  away  the  corrugations.  (See  No. 
333015.) 

Nos.  335804  and  335805  ;  date,  February  9,  1886 ;  E.  P.  J.  Freeman. — A  cross-tie 
made  of  a  sheet  of  metal  bent  to  form  a  rectangular  box.  A  wooden  block  is  placed 
inside  under  each  rail,  and  a  spike  is  driven  into  the  wood  through  a  hole  in  the 
metal.  The  spike  may  be  split  so  as  to  flare  like  A  when  driven  in  combination,  a 
guard-rail  of  a  plate  bent  to  Z  shape,  the  rail  lying  on  the  bottom  flange  and  all  fast- 
ened to  the  tie. 

No.  338057;  date,  March  16,  1886;  J.  Gearon. — A  continuous  road-bed  made  of  chan- 
nel cross-ties  placed  alternately  |  |  and  | I,  with  the  vertical  flanges  overlap- 
ping one  another. 

No.  339275;  date,  April  6,  1886;  J.  De  Mott. — A  cross-tie  with  a  rail  chair  at  each 
end.     The  end  of  the  tie  is  rounded  on  plan,  and  is  embraced  by  a  c  clamp  with 

the  ends  turned  up  to  hold  the  rail  flange. 

No.  339938  ;  date,  April  13,  1886  ;  F.  F.  Scott. — A  cross-tie  with  a  chair  for  each  rail; 
one-half  of  chair  fixed,  the  other  fastened  by  bolts.  Pins  driven  through  the  web  of 
the  rail  prevent  vertical  movement. 

No.  340118;  date,  April  20,  1886;  H.  Howard. — A  deep  channel  I I  cross-tie  for 

street  railways.     Therailsare  keyed  to  chairs  resting  on  the  top  of  the  flauges. 

No.  341286;  date,  May  4,  1886;  James  Smith. — Bowls  of  V  section,  connected  by 
tie-bars.     The  rails  lie  inside  the  bowls. 

No.  341416;  date.  May  4,  1886;  F.  V.  Greene. — For  street  railways.  A  continuous 
cast-iron  hollow  bearing  (preferably  10  feet  long  and  weighing  140  pounds  per  yard) 
under  each  rail.  The  rails  are  grooved,  and  are  screwed  to  the  top  of  the  longitu- 
dinal. 

No.  342987 ;  date,  June  1,  1886 ;  A.  N.  Warner  and  T.  J.  Deakin.— A  cross-tie  of 

channel  section  1 I  with  T-shaped  rail  chairs  fitting  into  it.     The  rail  secured  to 

chairs  by  bolts  with  hooked  ends,  the  nuts  being  under  the  flange  of  the  chair. 

No.  344011;  date,  June  22,  1886;  C.  H.  Sayre.— Flat  or  arched  /^~^  cross-ties  with 
pieces  punched  out  of  the  top  and  bent  to  embrace  the  flange  and  web  of  the  rail. 

No.  344185;  date,  June  22,  1886;  W.  Kilpatrick.— A  cross-tie  of  v^ y  section  with 

a  slot  along  the  flattop  to  receive  the  bottom  of  the  rail  chairs. 

No.  344826;  date,  July  6,  1886;  I.  F.  Good.— A  flat  cross-tie  thickened  and  widened 
at  the  ends  to  form  rail  chairs,  and  having  flauges  projecting  down  under  the  chairs. 
The  rails  secured  by  keys. 

No.  345054;  date,  July  6,  1886;  Sainuel  Hyman.— Hollow  columns,  with  caps  form- 
ing rail-seats.     For  street  railways. 

No.  345733;  date,  July  20,1886;  C.  Sailliez.— A  cross-tie  of  channel  section  |        |, 
with  lugs  to  hold  the  rail  flanges.     The  flanges  are  cut  away  at  the  ends  to  allow  of 
wooden  stringers  being  used  under  the  rails. 
No.  346998;  date,  August  10, 1886;  D.  Kaufman.— Flat  cross-ties  with  chairs  at  the 
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ends,  and  longitiuliual  contiuuous  flat  plates  beyond  tlie  chairs.  The  apace  between 
the  rails  is  covered  by  a  continuous  arched  plate. 

No.  347:230;  date,  August  10,  1886;  Thomas  Gibbon. — Hollow  inverted  trough 
stringers.     For  street  railways.     (See  No.  317S88.) 

No.  348877  ;  date,  September  7,1880;  Henry  P.  Adams. — Each  tie  consists  of  two 
rectangular  plates,  connected  by  a  tie-bar.  Alternate  ties  have  lugs  on  the  outer  and 
inner  sides  of  the  rails.     (See  No.  301199.) 

No.  349524  ;  date,  September  21,  1880 ;  E.  Schmidt  (of  Prussia). — A  cross-tie  made 
of  two  old  flange  rails  laid  flat,  head  to  head,  forming  a  tie  of  H  H  section.  The  rails 
rest  on  the  web  and  are  fastened  by  bolted  clips.     (Patented  in  Germany.) 

No.  349840 ;  date,  September  28,  1880  ;  Edward  Jones. — Hollow  iron  boxes,  with 
high  raised  seats  for  the  rails,  and  connected  by  deep  plates  set  on  edge. 

No.  350478  ;  date,  October  12,  1886 ;  John  K.  Clark. — Separate  rail-supports,  con- 
nected by  flat  tie-bars.     (See  No.  310794.) 

No.  350692;  date,  October  12,  1886;  T.  L.  Mumford  and  H.  Moore.— A  cross-tie  of 
inverted  trough  section,  wider  at  the  ends,  with  fixed  lugs  and  movable  clamps  for 
fastening  the  rails. 

No.  351002  ;  date,  October  19,  1886  ;  A.  T.  Stevens.— A  hollow  rectangular  box  tie, 
with  bottom  flanges  at  the  ends,  and  the  top  flanges  along  the  sides  ;  the  rail  clamps 
are  bent  to  take  hold  of  these  flanges. 

Nos.  351498  and  351499  ;  date,  October  26,  1886  ;  E.  C.  Davis.— A  cross-tie  made  of 
two  old  rails  placed  side  by  side.  Each  track  rail  rests  on  a  bearing-block  in  two 
pieces,  with  a  lip  at  the  end  to  engage  the  rail  flange.  The  blocks  are  slid  into  place 
between  the  tie  rails  and  bolted  through  the  tie. 

No.  351990 ;  date  November  2,  1880  ;  Charles  Netter.— Cross-ties  of  I  I  section, 
with  hook  bolt  fastenings ;  the  hook  of  the  bolt  fits  into  a  hole  in  the  side  of  the  tie, 
and  the  nut  is  screwed  down  on  a  rail  clamp.     (See  No.  372864.) 

No.  352002;  date,  November  2,  1886;  E.  F.  Reynolds.— A  cross-tie  of  IA/\M  sec- 
tion.    The  rails  rest  in  notches  cut  in  the  top,  and  are  held  by  hinged  clips  and  lock- 
ing clips. 
No.  353028;  date,  November  23,  1886;  E.  N.  Higley.— Improvements  upon  Nos. 

334228  and  312717.  

No.  353691 ;  date,  December  7,  1886  ;  S.  D.  Locke.— A  channel  cross-tie  f  |,  with 
inclined  ends  and  a  transverse  rib  in  the  middle.  The  rails  are  fastened  by  bolted 
clips.     (See  No.  356002.) 

No.  354147;  date,  December  14,  1886;  F.  G.  Johnson.— Cross-ties  of  | 1  section, 

with  the  bottom  edges  turned  in  to  retain  a  concrete  filling  or  a  filling  made  of  loose 
stone  with  melted  iron  poured  over  it,  the  casting  being  done  inside  the  tie.  The 
rails  are  held  by  bolted  clamps;  the  clamp  having  lugs  which  tit  into  the  holes  in 
the  ties,  and  these  lugs  as  well  as  the  bolts  are  long  enough  to  enable  the  rail  to  be 
shimmed  up  when  necessary.     The  shims  extending  under  the  rails  and  clamps. 

No.  .354*/i50;  date,  December  14,1886;  R.  S.  Sea. — A  cross-tie  of  T  section  with  en- 
larged ends  forming  rail  chairs.     (See  No.  375005.) 

No.  354433;  date,  December  14,  1886;  R.  Morrell.— A  cross-tie  made  of  a  plate  bent 

to  form  a  hollow  rectangular  box,  with  the  top  and  bottom  cut  away  at  the  middle. 

The  rails  are  fastened  to  wooden  bearing-blocks  placed  inside  the  tie.    (See No.  365932.) 

No.  355778;  date,  January  11,  1887;  A.  J.  Moxham.— For  street  railways.     A  steel 

plate,  24  inches  long  6  inches  wide  and  one  fourth  inch  thick,  is  twisted  spirally,  and 

is  embedded  in  concrete.     Angle-irons  are  rive'ed  to  the  top  to  form  a  rail-seat,  and 

the  two  columns  are  connected  by  a  tie-bar.     (See  No.  313512.) 

No.  356002;  date,  January  11,  1887;  S.  D.  Locke.— An  improvement  on  No.  .353691. 

No.  357301;  date,  February  8,  1887;  J.J.Anderson. — Metal  chairs  with  one  fixed 

jaw,  and  one  loose  jaw  for  supporting  the  rails.     Adapted  for  street  railways. 

No.  358144;  date,  February  22,  1887;  J.  Clark.— A  cross-tie  of  channel  section,  with 
chairs  for  the  rails.     (See  No.  249503.) 
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No.  3589S1;  date,  Marcli  8,  1S87  ;  J.  C.  Lane. — An  iron  bridle-rod,  made  in  two 
pieces,  bolted  together  at  the  middle,  to  prevent  rails  from  spreadiug  at  the  curves. 

No.  3591L5  and  No.  359117;  date  March  8,  1887;  W.  Wharton,  jr.— A  cross-tie  of 
±  or  L  section,  with  the  bottom  tiauge  bent  up  to  make  a  chair  tor  the  rails.  To  be 
used  on  street  railways  with  girder  rails. 

No.  359440;  date,  March  15,  18^7;  T.  Gleason. — A  cross-tie  of  trough  section  i  j 
with  interior  cross-pieces  or  webs  to  which  the  rail  clamps  are  fastened. 

No.  359854;  date,  March  22,  1887;  Henry  C.  Draper.— A  compound  tie,  consisting 
of  two  chanuel  irons  placed  back  to  back  with  a  wooaea  tie  between  them.  The 
three  pieces  are  bolted  together,  and  one  end  of  the  bolt  is  bent  up  and  over  so  as  to 
hold  the  rail  flange. 

No.  360397;  date  March  29,  1887;  M.  Y.  Thompson, — A  flat  cross-tie,  with  a  U- 
shaped  depression  at  each  end  to  receive  a  wooden  bearing-block.  The  rails  are 
fastened  by  keys. 

No.  361199;  date,  April  12,  1887;  H.  P.  Adams.— A  cross-tie  of  T  section,  with 
chairs  keyed  to  it.     (See  No.  348877.) 

No.  361330;  date,  April  19,  1887;  F.  J.  Severac  (of  Paris).— A  cross-tie  of  I  section, 
with  the  horizontal  flanges  bent  at  the  ends.  lu  some  cases  a  broad  plate  is  riveted 
to  the  bottom  flange.  The  rails  are  fastened  by  clips  or  keyed  to  chairs.  (This  sys- 
tem is  in  use  in  Europe.)  Patented  in  France,  Belgium,  England,  Italy,  and  Spain, 
in  1884-'85.     (See  Report :  "  Belgium.") 

No.  382608;  date,  May  10,  1887  ;  John  K.  Clark.— A  cross-tie  consisting  of  two  rail 
bearers  or  bowls,  connected  by  a  tie-bar.  The  rails  are  held  by  bolted  clamps.  (See 
No.  310794.) 

Nos.  362786  and  362787;  date,  May  10,  1887;  J.  Riley  (of  Scotland).— A  cross-tie  of 
inverted  trough  section,  with  the  rail  chairs  stamped  or  pressed  by  dies,  the  rails 
being  secured  by  wedges.     (Patented  in  England  and  Belgium  ;  1885-86.) 

No.  363020  ;  date,  May  17,  1887  ;  L.  Taylor. — A  hollow  box  cross-tie,  with  outward- 
flaring  sides  and  concave  bottom.  The  rails  are  fastened  by  hook  bolts  with  the  nuts 
inside  the  tie. 

No.  363513;  date.  May  24,  1887;  Edgar  S.  Fassett. — Hollow  inverted  trough  string- 
ers, connected  by  tie-bars  which  maintain  the  gauge.  For  street  railways.  Improve- 
ments on  the  Gibson  patents.     (See  Nos.  317988,  320869,  and  347236.) 

No.  365169;  date,  June  21,  1887;  George  de  Beaulieu.— Two  rail-bearers  connected 
by  a  tie-rod.  Each  rail-bearer  has  one  flxed  jaw  and  one  bolted  jaw  to  support  the 
rail. 

No.  365350;  date,  June  21,  1887;  A.  Roelofs. — A  cross-tie  of  chanuel  j  \  or  in- 
verted trough  section.  The  rails  are  fastened  by  fixed  lugs  on  the  outside,  and  a  tie- 
bar  which  IS  sprung  into  place  on  the  inside.  Also  a  flat  tie  with  a  rib  under  each 
ail  and  a  slot  along  the  middle  for  the  bent  tie-bar. 

No.  365511;  date,  June  28,   1887;  F.  X.  Georget. — A  cross-tie  or  longitudinal,  of 

channel  section  | f ,  built  up  of  a  base  plate  and  two  concave  side  plates  with  the 

tops  flanged  outward  horizontally.     The  ties  or  longitudinals  are  connected  by  tie 
rods.     (See  No.  381 125.) 

Nos.  360932  and  365933;  date,  July  5,  1887;  R.  Morrell. — A  hollow  cross-tie,  made 
of  a  plate  bent  to  an  oblong  section,  with  straps  around  it  at  the  rail  fastenings.  The 
metal  is  cut  away  to  let  the  rails  rest  on  a  wood  block  inside  the  tie ;  the  metal  straps 
keep  the  spikes  from  working  loose  and  allowing  the  rails  to  spread.  Also  a  tie  for 
elevated  roads,  made  of  two  plates  on  edge,  fastened  together  at  the  middle,  and 
flaring  apart  to  admit  wooden  bearing-blocks  between  them.     (See  No.  354433.) 

No.  366546;  date,  July  12,  1887;  N.  S.  White. — A  cross-tie  of  channel  i  |  or  in- 
verted trough  section,  with  a  base  plate  at  each  end,  with  a  bearing-block  of  wood  or 
other  material  inside  under  each  rail.     The  rails  are  fastened  by  locking  clamps. 

No.  367325;  date,  July  26,  1887  ;  John  Splane. — A  cross-tie  of  j  ]  channel  section, 
with  the  bottom  of  the  sides  flanged  outwards.     The  rails  are  let  into  apertures  in 
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the  top  and  rest  on  the  hooked  ends  of  two  tie-bolts,  the  inner  ends  of  which  are 
connected  by  a  turubuckle  which  is  tightened  by  a  wrench,  there  being  a  hole  in  the 
middle  of  the  top  table  of  the  ties. 

No.  3G7383;  date,  August  2,  18S7;  J.  Fitzgerald.— The  rails  arc  fastened  to  a  cast- 
iron  cross-tie  by  hook-headed  spikes,  which  are  secured  by  horizontal  keys  fitting 
into  corresponding  notches  in  the  tie  and  spike. 

No.  369591;  date,  September  6,  1887;  J.  H.  Coffman. — A  solid  tie  with  a  groove 
along  the  top  and  lugs  for  the  inner  flanges  of  the  rail ;  hooked  rods  hold  the  outer 
flange,  and  the  inner  ends  of  the  rods  are  attached  to  a  spring  at  the  middle  of  the 
tie. 

Nos.  369755  and  369756;  date,  September  13,  1887;  William  L.  Van  Harlingen,sr.— 
A  box  cross-tie  made  of  an  inverted  trough  fastened  to  a  base -plate;  inclined  and 
closed  ends.  It  Incloses  a  wooden  tie  or  wooden  bearing-blocks.  The  rail  is  fastened 
by  wood  screws  with  wide  heads.  Also  a  metal  tie  with  end  boxes  to  contain  springs 
on  which  the  rails  rest. 

No.  370072 ;  date,  September  20,  1887 ;  R.  C.  Lukeus. — A  cross-tie  of  T  section, 
■witli  slots  in  the  web  for  attaching  weights  or  anchors  to  keep  the  track  in  position. 
The  rails  are  fastened  by  lugs  and  bolts. 

No.  370164:  date,  September  20,  1887;  H.  L.  Sfcillman.— A  street-railway  track, 
with  wooden  stringers  connected  by  metal  tie-bars  of  I  section,  secured  by  keys. 

No.  370192;  date,  September  20,  1887;  D.  C.  Heller.— A  hollow  box-tie  of  rectan- 
gular section,  with  the  top  cut  away  under  the  rails.  The  tie  is  filled  with  concrete 
and  has  two  wooden  blocks  to  which  the  rails  are  spiked. 

No.  370226;  date,  September  20,  1887  ;  C.  W.  Yost.— A  flat  tie  with  lugs,  and  asep- 
arate  bed -plate,  with  lugs,  for  each  rail. 

No.  370,634  ;  date,  September  27,  1887  ;  J.  Mahouey  and  D.  W.  Shockley.— A  cross- 
tie  of  I  I  section,  with  a  saddle  plate  for  each  rail  seat.  The  plate  has  a  lug 
for  one  flange  and  a  clip  is  bolted  on  the  other.     (See  No.  280200.) 

N*©.  370837  ;  date,  October  4,  l'387j  John  B.  Williams. — The  tie  consists  of  two 
rectangular  iron  frames  or  boxes  connected  by  a  tie-bar;  lugs  or  two  of  the  sides 
form  a  seat  for  the  rail.  A  block  of  wood  or  other  material  is  fitted  into  the  frame 
and  has  to  this  the  rail  is  spiked. 

No.  371110  ;  date,  October  4, 1887  ;  W.  H.  Troxell. — A  cross-tie  with  raised  rail  seat 
and  outer  lugs.  Hooked  bolts,  with  nuts  on  the  outer  side  of  the  chair,  hold  the 
inner  flange  of  the  rail. 

No.  371780 ;  October  18, 1887  ;  J.  Moser  and  E.  Moeckel. — A  cross-tie  of  T  section, 
with  a  chair  at  each  end;  each  chair  has  an  inclined  rail-brace  and  two  hook-bolts. 

No.  371993 ;  date,  October 25, 1887  ;  Enoch  L.  Taylor.— Two  rail-bearers  of  inverted 
trough  section,  connected  by  a  flat  tie-bar,  placed  on  edge,  which  passes  through  a 
slot  in  each  rail-bearer  or  bowl.  Lugs  on  the  bearers  hold  the  inner  side  of  the  rail 
flange,  and  lugs  on  the  ends  of  the  tie-bars  hold  the  outer  side.  (See  No.  286651 ; 
tee  Report;  "United  States.") 

No.  372,230;  date,   October  25,1887;  A.  McKenney.— Cross-ties  of  channel  | 1 

section,  with  one  end  cut  olf  at  an  angle  to  allow  of  a  diagonal  tie  to  the  next  trans- 
verse tie,  each  set  of  three  ties  making  a  letter  N  on  plan.     Arranged  continuously. 

No.  372525;  date,  November  1,1887;  J.  A.  Dunning. — A  hollow  rectangular  cross- 
tie,  with  open  inclined  ends  ;  bottom  and  sides  have  corrugations,  transversely  and 
vertically.     Bolted  clip  fastenings. 

No.  372703  ;  date,  November  8,  1887 ;  I.  A.  Perry.— A  cross-tie  made  of  two  old  rails, 
with  saddle  chairs  fitting  over  the  heads  of  these  rails.  Track  rails  fastened  by  chair 
and  sliding  wedge,  being  held  by  flange  and  web. 

No.  372864;  date,  November  8,  1887  ;  C.  Netter. — A  cross-tie  of  T  section,  with  the 
ends  beyond  the  rails  bent  down  vertically  and  then  horizontally.  Rails  fastened 
by  bolts  having  hooks  which  take  hold  of  the  bottom  of  the  web  of  the  tie.  (See 
No.  351996.) 
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No.  372379;  date,  Xoveniher  8,  1897;  S.  H.  Stull. — A  cross-tie  made  of  a  plate  Lent 

to  a  semi-circnlar  form   ^s. ^,  and  semi-cylindrical  at  the  ends  O.     Rails  fastened 

by  clamps.     Open  ends. 

No.  37:5656;  date,  November  22,  18^7;  W.  P.  Hall  and  C.  C.  Barnett.— A  cross-tie 
of  semi-circular  section  ^  >\,  with  open  ends.  Shoulders  pressed  out  to  prevent 
spreadings.     Rails  fastened  to  saddles  or  straps.     (See  No.  375996.) 

No.  375005;  date,  December  20,  1887;  R.  Sea. — A  cross  tie  of  channel  section,  with 
closed  ends.  A  strengthening  plate  is  bolted  to  the  under  side  of  the  top  table,  and 
the  side  flanges  are  deeply  notched  to  give  elasticity.  A  metal  block  is  bolted  under 
each  rail,  and  the  rails  are  secured  by  bolted  plates.     (See  No.  354250.) 

No.  375763;  date,  January  3,  1888;  T.  B.  Moore. — A  cross-tie  of  inverted  channel 

section  \ 1.     The  rails  are  held  by  clamps    and  hook-bolts  ;  the  hook  end  is  inside 

the  tie,  and  the  nut  is  screwed  down  on  the  clamp,  which  has  a  lug  fitting  into  the 
bolt  hole. 

No.  375856;  date,  January  3,  1888;  R  T.  White. — A  cross-tie  of  ±  section,  with 
high  chair  at  each  end  to  receive  the  web  of  a  girder  rail.  Intended  for  street  rail- 
ways.    (See  Nos.  385395  and  386420.) 

No.  375996  ;  date,  January  3, 1888  ;  W.  P.  Hall. — A  hollow  cross-tie,  made  of  a  plate 
bent  almost  cylindrical,  but  with  the  bottom  open  and  flat  on  top.  The  rails  are 
fastened  to  saddle  straps.     (See  No.  373656.) 

No.  376214;  date,  January  10,  1888;  J.  W.  Smith. — A  hollow  rectangular  cross-tie, 
with  holes  in  the  toj)  to  admit  the  rail  chairs,  which  rest  on  coiled  springs  inside  the 
tie. 

No.  376250;  date,  January  10,  1888;  N.  M.  Marks.— The  two  rail-bearers  are  of 

I  l_  section,  with  ratchet  teeth  on  the  outer  faces  ;  over  the  upright  leg  fits  a  sad- 
dle n,  also  with  ratchet  teeth,  so  that  the  height  of  the  rail  can  be  adjusted.  The 
rails  are  secured  to  the  saddles,  which  are  connected  by  flat  tie-bars. 

No.  376884;  date,  January  24,  1888;  William  B.  Henuiug. — A  flat  bar,  bent  up  at 
the  ends  to  embrace  the  flange  and  web  of  rail.  Loose  angle  clamps  on  inside  of  rail. 
(See  No.  323809.) 

No.  377162;  date,  January  31,   1888;  G.  Kelton. — A  cross-tie  of  channel  section 

I 1,  with  a  separate  bottom,  having  projections  on  its  inner  side  to  give  a  hold  to 

the  pulp  with  which  the  tie  is  to  be  filled.     The   rails  are  fastened  by  hooked  bolts, 
with  nuts  inside  the  tie,  cavities  being  left  in  the  pulp  filling. 

No.  378133;  date,  February  21,1888;  James  M.  Gibberson. — Stone  or  other  blocks 
with  flat  tie-bars,  having  lugs  which  can  be  bent  over  the  flanges  of  the  rails. 

No.  378280  ;  date,  February  21, 1888  ;  F.  L.  Barrows. — A  cross-tie  of  inverted  trough 
section,  with  clips  struck  up  on  the  outside  of  the  rail  to  hold  its  flange,  and  clips 
lengthwise  on  the  inside  of  the  rail  to  hold  a  rail  fastening. 

No.  378930;  date,  March  6,  1888;  J.  Hill. — A  flat  cross-tie,  corrugated  lengthwise 
top  and  bottom.  The  rail  is  keyed  to  a  chair.  The  inventor  proposes  to  use  a  double- 
headed  rail. 

No.  379312;  date,  March  13, 1888  ;  S.  B.  Jerome. — A  hollow  rectangular  cross-tie, 
made  of  a  bent  plate.  It  is  to  be  filled  with  straw,  sawdust,  etc.,  and  has  a  narrow 
bearing-block  along  the  underside  of  the  top,  to  which  the  rails  are  spiked.  The  ends 
are  closed  by  wood  or  cement  blocks. 

No.  379399;  date,  March  13,1888;  J.  Jacobs.— A  cross-tie  of  channel  section  I I 

with  closed  ends ;  a  top  plate  is  bolted  on  by  side  clamps  to  form  a  rail  seat.     The  tie 
is  to  be  filled  with  concrete,  etc. 

No.  379574;  date,  March  20, 1888  ;  C.  P.  Hawley.— A  cross-tie  of  I  section,  with  the 
top  flange  bent  to  make  a  rail  brace.  A  longitudinal  bridge  is  used  under  the  rail  at 
joints. 

No.  379575;  date,  March  20,  1888;  C.  P.  Hawley.— A  combined  metal  and  wooden 
tie,  consisting  of  a  metal  beam  of  X  section,  resting  on  a  wooden  tie  or  plank. 

No.  379576;  date,  March  20,  1888. — A  cross-tie  of  JL  section,  with  slots  for  the  web 
of  a  T  girder,  forming  a  rail  seat,  or  which  can  be  made  a  longitudinal  bearing. 
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No.  ^7001-3  ;  date,  Marcb  20,  1888  ;  C.  G.  Singer.— A  cross-tie  of -|-  cruciform  section, 
with  the  top  llau<;e  cut  away  at  the  rail  seats.  The  rails  are  held  by  horizontal  U 
clamps,  the  end  being  in  a  hole  in  the  top  flange  of  the  tie,  with  the  two  legs  resting 
on  the  rail  flange.  A  key  or  plug,  driven  horizontally  through  the  tie,  holds  the 
clami.  down  on  the  rail. 

No.  380274  ;  date,  March  27,  1688:  George  E.  Blaine  and  Edward  Hill.— Anchor- 
blocks  or  bowls  of  terra  cotta  or  earthenware,  of  frnsto-conoidal  or  tVnsto-pyramidal 
form,  connected  by  metal  tie-bars.     The  rails  rest  on  wooden  plates. 

No.  380623;  date,  April  3,  1888;  H.  L.  De  Zeng.— Improvements  upon  No.  145991, 
etc. 

No.  381059  ;  date,  April  10,  1883;  W.  H.  Donaldson.— A  cross-tie  of  m  section.  The 
rails  are  heUl  by  gibs  with  long  ends  within  the  tie.  which  are  to  be  secured  by  a 
cotter  driven  through  the  tie  parallel  with  the  rail. 

No.  381125;  date,  April  17,  1888;  F.  X.  Georget.— Improvements  upon  No.  365511, 

No.  381860;  date,  April  24,  1888;  E.  R.  Stiles.— A  cross-tie  of  channel  section! |, 

with  a  wooden  block  under  e  ich  rail. 

No.  382134;  date.  May  8,  1888;  W.  H.  Britton.— A  cross-tie  of  T  section,  with  the 
vertical  web  corrugated  vertically.     The  rails  are  secured  by  lugs  and  clamps. 

No.  382394:  date.  May  1,  1888  ;  J.  B.  Sutherland.— A  cross-tie  of  approximately  Y 
section ;  curved  like  the  section  of  a  yacht,  and  witli  the  top  edges  bent  in  to  form 
horizontal  flanges  for  the  rail-chairs. 

No.  382470;  date,  May  8,  1888;  R.  M.  Hunter.— A  moditication  of  the  Taylor  pat- 
ents.    (See  Nos.  286651  and  371993.) 

No.  382855 ;  date.  May  15,  1888 ;  F.  Barhydt. — A  hollow  box  cross-tie,  with  closed 
ends.  There  is  a  wooden  block  the  full  size  of  the  face  of  the  tie  at  the  top,  and 
another  at  the  bottom ;  both  inside.  Coil  springs  are  interposed  between  the  top  and 
bottom  sections, 

No.  383118;  date,  May  22,  1888;  M.  Fitzgerald. — A  cross-tie  of  channel  section 
I        I,  with  solid  ends.     Fixed  lugs  and  hooked  spikes  are  the  rail  fastenings. 

No.  384785;  date,  June  19,  1888;  Jacob  Reese. — A  cross-tie  of  fl  section,  with  a 
groove  along  its  top  table ;  rail  seat  bolted  on  top.  The  rail  is  secured  by  a  bolt 
passing  under  it  and  through  the  chair,  having  f  wasbers  to  hold  the  rail  flange.  It 
is  to  be  rolled  from  a  plate  of  No.  7  steel  24  inches  wide  :  bedded  in  ballast. 

No.  385395 ;  date,  July  3,  1688 ;  R.  T.  White. — A  channel  cross-tie  of  U  section, 
with  rails  secured  to  saddles  by  bolts  and  clips.     (See  No.  37.5856.) 

No.  385492;  date,  July  3,  1888;  D.  Y.  Wilson. — A  cross-tie  made  of  two  angles 
_J  L«»  with  a  base  plate  and  channel  plate  for  rail  seat  at  eacb  end.  Rails  bolted 
through  top  and  bottom  plates. 

No.  386004;  date,  July  10,  1888;  H.  T.  Ferris.— Rails,  ties,  etc.,  of  a  composition  of 
500  parts  of  paper  pulp,  25  parts  of  silicate  soda,  and  10  parts  of  barytes. 

No.  386119;  date,  July  17,  1888;  R.  W.  Flower,  jr.,  and  S.  L.  Wiegaud.— A  hollow 
cross-tie  of  rectangular  section,  with  part  of  the  bottom  cut  away  and  turned  down 
to  prevent  lateral  movement.  The  rails  are  spiked  to  wood  blocks  inside  the  tie. 
(See  No.  420485.     See  Report  ;  "United  States.") 

No.  386156;  date,  July  17,  1883;  J.  A.  Ogden. — A  cross-tie  of  channel  section  ( f, 

wide  at  the  bottom,  with  bearing  blocks  and  hook-fastenings  for  the  rails. 

Nos.  3863.56  and  386357;  date,  July   17,  1888;  H.   Shultzen.— A  channel  tie   [ f, 

with  the  middle  part  of  the  bottom  cut  away  and  turned  up  to  prevent  lateral  move- 
ment. The  rail  is  fastened  to  a  wooden  block  by  Z-clips  and  a  longitudinal  bolt 
nnder  the  rail,  or  by  diagonal  bolts.  (Now  being  manufactured  by  the  Standard 
Steel  Tie  Company,  of  New  York.)     (See  Report ;  ''  United  States.") 

No.  386389;  date,  July  17,  1888;  A.Duraud.— A  cross-tie  of  inverted  trough  section, 
with  clips  and  cliannels  stamped  in  it.     (See  Report ;   ''  United  States.") 

No.  386420 ;  date,  July  17,  1888 ;  R.  T.  White.— Hollow  box  cross-ties  of  ditferent 
sections,  made  of  bent  plates.  Cross-section  intended  to  give  elasticity.  (See 
385395.) 
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No.  387602;  date,  August  7,  1889;  Peter  Seraonin.— Cross-ties  of  inverted  trough 
section.  The  rails  are  held  by  a  fixed  log  on  the  outer  side  and  a  gib  and  cottt^r  with 
serrated  faces  on  the  inner  side.     (See  No.  421709.) 

No.  388266;  date,  August  7, 1888;  George  Cowdery  and  E.R.  Thomas,  (Australia).— 
A  cross-tie  of  inverted  cross-section,  with  closed  ends,  and  with  lugs  stamped  up  at. 
each  rail  seat.  Each  rail  rests  on  a  bed-plate  placed  between  the  lugs,  and  is  secured 
by  a  split  key.     (Patented  in  England,  June  30,  1886.)     (See  Report;  "Australia.") 

No.  388277 ;  date,  August  21,  1888  ;  A.  J.  Hartford.— A  flat  cross-tie,  with  end 
turned  up,  and  a  bent  plate  tie  bridge,  arched  in  the  middle,  bent  to  form  a  shoulder 
for  inner  flange  of  rail;  the  rail  rests  on  this  plate  and  the  end  is  turned  over  the 
outer  flange  and  secured  by  a  bolt  through  both  plates.     (See  No.  401949.) 

No.  388296  ;  date,  August  21, 1888;  James  R.  Millhouse. — A  cross-tie  made  of  a  sheet 
of  metal,  forming  a  deep  tie-baron  edge,  and  bent  to  form  a  box  or  frame  under  each 
rail. 

No'.  389464;  date,  September  11, 1888;  L.  Haas. — A  cross-tie  of  rectangular  secti(m  ; 
top  cut  away  at  ends  and  middle.     Wooden  block  under  each  rail.     (See  No.  247248.) 

No.  390014  ;  date,  September  25,  1883;  R.  P.  Faddis. — Wooden  stringers,  with  flat 
iron  tie  plates  across  top  and  under  rail,  with  U  bolts  embracing  the  stringers.  For 
street  and  steam  railways.     (See  No.  391131  and  No.  398037.) 

No.  390370 ;  date,  October  2, 1888 ;  I.  G.  Howell. — Across-tie  of  channel  section  | 1, 

with  blocks  under  the  rails.  The  top  is  cut  away  for  the  rail,  and  the  rail  clamps  are 
fastened  by  hooks. 

No.  391131 ;  date,  October  16, 1888 ;  R.  P.  Faddis. — Four  or  more  short  pieces  of 
ties  in  a  frame  with  distance  pieces  and  bolts.  These  sections  are  held  together  by 
tie-bars.     (See  No.  390014.) 

No.  391492;  date,  October  23,1888;  W.  J.  Stifler.— A  flat  cross-tie  with  diagonal 
grooves  on  the  under  side  near  the  ends  to  receive  the  heads  of  the  bolts  of  the  two 
plates,  each  with  a  lug,  which  form  one  rail  seat. 

No.  391704;  date,  OcLober  23, 1883;  L.  Haas. — Across-tie  of  channel  section  | _J, 

higher  at  the  rail  seats,  with  notched  flanges  for  the  rails.     (See  No.  247248. ) 

No.  391999;  date,  October  30, 1888  ;  A.  H.Ames.— A  flat  cross- tie,  with  flaring  ends 
of  channel  section  |         |.  having  riveted  and  bolted  clips  for  rail  fastenings. 

No.  392849  ;  November  13, 1888;  J.  Cabry  and  W.  H.  Kinch,  (of  England).— A  rolled 
steel  cross-tie  of  inverted  trough  section,  with  lugs  stamped  out.  Rails  secured 
by  keys  drivem  between  flange  and  lug.  (In  use  ou  the  Northeastern  Railway,  in 
England.)     (See  report,  ''England.") 

No.  393515;  date,  November  27,1888;  D.  M.  McRae. — A  wooden  or  iron  tie,  with 
metal  sockets  at  ends  forming  rail  seats. 

No.  394426;  date,  December  11,1888;  David  Wilson,  (England).— A  tubular  tie  of 
concrete  or  other  composition  cast  round  a  core  of  wire  netting.  Blocks  of  wood  arc 
placed  inside.  Patented  in  England,  May  15,  1885,  and  February  17, 1886:  France, 
March  16, 1886 ;  Belgium,  March  17, 1886  ;  Spain,  July  20,  1886. 

No.  394738;  date,  December  18,1888;  G.  W.  Thompson.— A  hollow  cross-tie  of  rec- 
tangular section,  with  a  metal  bearing-block  inside  under  each  rail.  Bolted  clip  rail 
fastenings. 

No.  395134 ;  date,  December  25, 1888 ;  M.  Hagarty. — A  cross-tie  made  of  two  chan- 
nels placed  back  to  back  3  C,  inner  lug  ou  one,  outer  lug  on  the  other.  The  bolt  holes 
in  vertical  web  are  elongated  to  allow  the  channels  to  be  shifted  to  let  rail  in. 

No.  395304  ;  date,  December  25,1888;  C.  F.  Yarbrough.— Hollow  cross-ties  of  rect- 
angular section,  with  open  ends  and  oi)euiugs  at  sides.  Wood  blocks  may  be  used, 
or  the  ties  may  be  filled  with  ballast. 

No.  395447  ;  date,  January  1, 1889  ;  Michael  Maloney. — A  cross-tie  of  cruciform  sec- 
tion, 4-.  Upper  web  cut  away  at  rail  seats  to  let  rails  rest  on  horizoncal  wc^b.  Rail 
clamps  bolted  to  upper  web. 

No.  396160;  date,  January  15,  1889;  H.  Hipkins,  (of  England). — A  stamped  metal 
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cross-tic  of  r^"^ ^  section,  with  lugs  and  rib  stamped  out  of  top  table.     (Patented 

in  England,  1888.) 

No.  :ii)6473  ;  date,  January  22, 1889  ;  C.  P.  Espinasse,  (of  France). — A  cross-tie  of  1 
section,  with  vertical  web  cut  away  for  rail  chair  to  which  rail  is  secured  by  wooden 
wedge. 

No.  398001;  date,  February  19,1889;  S.  U.  Smith.— A  cross-tie  of  channel  section 

I 1,  with  closed  ends.     The  rails  rest  on  the  ends  of  a  separate  cross-plate,  with 

fixed  lugs  inside,  and  bolted  plates  outside. 

No.  ;)980o7  ;  date,  February  19,  1889  ;  K.  P.  Faddis.— Short  pieces  of  ties  connected 
and  braced  together  to  form  a  sort  of  crib.     (See  Nos.  3yU014  and  391131.) 

No.  400558;  date,  April  2,  1889;  Jacob  Frysinger. — A  cross-tie  of  I  section  in  three 
pieces.  The  web  is  short  and  the  ilanges  embrace  a  wooden  stringer  at  each  end,  and 
are  secured  by  bolts.     (See  No.  332707.) 

No.  400643;  date,  April  2,  1889;  H.  L.  De  Zeng.— Cross-ties  of  channel  section  | 1 ; 

with  T  a-irou  bolted  inside  under  each  rail,  forming  an  anchor  plats.     The  rails  are 
secured  by  bolted  clamps.     (See  No.  145991.) 

No,  401949  ;  date,  April  23.  1889  ;  Arthur  J.  Hartford.— A  rolled  cross-tie  of  inverted 
trough  section,  with  a  longitudinal  channel  on  the  top  table.  Rails  secured  by  bolts 
and  clamps.     (See  Report;  "  United  States";  see  No.  388277.) 

No.  402818;  date.  May  7,  18g9;  Karl  L.  Gocht  (Germany). — A  cross-tie  of  inverted 
trough  section,  with  bottom  horizontal  flanges.  A  rail  chair  is  secured  to  lugs  on  the 
tie. 

No.  403464;  date,  May  14,  1889;  E.  J.  Devens. — A  cross-tie  of  channel  section  ) 1. 

The  rails  are  held  by  bent  clamps,  which  hold  the  flange  of  the  rail  and  the  sides  of 
the  tie. 

No.  403465  ;  date.  May  14, 1889  ;  Thomas  H.  Gibbon.— For  street  railways.  Stringers 

having  one  side  higher  than  the  other I,  to  fit  the  shape  of  a  special  side-bearing 

rail ;  the  rail  has  a  vertical  web  on  its  under  side,  to  fit  into  the  stringer,  where  it  is 
held  by  the  tie-bars.     (See  No.  317988.) 

No.  403741  ;  date.  May  21,  1889;  Robert  Dansinger. — For  street  railways.  Sepa- 
rate blocks  connected  by  tie-bars.     The  rails  are  secured  by  cotters  and  keys. 

No.  404043;  date.  May  28,1889;  Pierre  Kolgraf  (Belgium).— Cross-ties,  formed  of 
two  bars  of  Z  section,  with  a  rail  chair  riveted  between  them  at  each  end.  The  rails 
are  held  by  keys  driven  between  the  rails  and  the  lugs  on  the  chairs.  (See  Report, 
"  Belgium.")  (Patented  in  Belgium  December,  1885  ;  France,  January  5,  1886  ;  Eng- 
land, March  16,  1886;  Italy,  July  12,  1886.) 

No.  404401;  date,  June  4,  1889;  Jacob  Haish.— Cross-ties  made  of  old  rails  laid 
head  down.     The  track  rails  are  to  be  of  bridge  section  and  secured  by  lugs. 

No.  406129  ;  date  July  2,  1889  ;  T.  R.  Dunning. — A  hollow  box  cross- tie  of  rectangu- 
lar section,  with  the  top  projecting  beyond  the  sides  forming  flanges  to  which  the 
rails  are  fastened.     An  iron  block  is  placed  inside  under  each  rail. 

No.  406346;  date,  July  2,  1889;  Levi  Haas. — A  cross-tie  of  channel  section  I  J 
The  rails  rest  in  notches  cut  in  the  sides,  and  are  secured  by  springs  and  clamps. 
(See  No.  247248.) 

No.  408255 ;  date,  August  6,  1889;  C.  B.  Palmer. — A  cross-tie  of  X  section.  The 
rails  are  held  by  —"i  clamps,  the  lower  part  of  which  straddles  the  web  of  the  tie, 
and  is  secured  by  a  pin  and  split  key. 

No.  409860;  date,  August  27,  1889;  A.  C.  Nickloy. — A  cross-tie  of  rectangular  box 
section,  made  by  coiling  a  steel  plate  spirally. 

No.  410176;  date,  September 3,  18c9  ;  John  R.  McCartney. — A  broad  shallow  cross- 
tie  of  \^  ^^  section,  with  horizontal  flanges.  The  rails  are  secured  by  clips  made 
by  turuing  up  a  strip  of  the  flange  of  the  lie,  or  by  bolted  clamps. 

No.  410236;  date,  September  3,  1889;  A.  B.  Fitch. — A  cross-tie  of  inverted  trough 
section,  similar  to  the  Haarmann  type  (Germany),  having  a  narrow  upper  part  and 
wider  lower  part.     The  upper  part  is  cut  away  at  each  rail  seat  to  let  the  rail  rest 
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on  the  lower  part.  The  rails  are  secured  by  dove-tailed  keys  or  wedges  driven  hori- 
zontally, one  side  being  in  a  notch  in  the  tic,  and  the  other  side  bearing  on  the  rail 
flange. 

No.  4I0G84  ;  date,   September  10,   1889 ;  B.    W.   Ellicott. — A  cross-tie  of    channel 

action,  | I,  with  rail  chairs  of  C  shape;  the  rail  is  bolted  to  the  upper  leg,  whicli 

is  prolonged  so  that  the  legs  of  the  two  chairs  meet  and  are  secured  by  bolts.  The 
chairs  are  bolted  to  the  tie. 

No.  410933;  date,  September  10,  1889:  Edward  Samuel. — A  cross-tie  of  I  section. 
with  the  top  flanges  cut  and  bent  to  form  lugs  between  which  the  rail  flange  is  heh' 
and  secured  by  keys.  A  flat  bar  or  plate,  as  deep  as  the  web  of  the  ties,  is  laid  be- 
tween the  the  ties  at  the  middle,  parallel  with  the  rails. 

No.  411959;  date,  October  1,1889;  Robert  Forsyth. — A  cross-tie  of  rectangular  box 
section,  with  a  rib  or  flange  under  the  lower  side  ;  it  is  made  by  bending  a  plate  to 
the  required  form  and  riveting  together,  the  ends  turned  down  to  form  the  longi- 
tudinal rib. 

No.  412000  ;  date,  October  1, 1889  ;  John  M.  Robbins.— Longitudinals  of        I       I 
section,  with  a  continuous  stringer  of  wood  placed  inside. 

No.  412260  ;  date,  October  8,  1889  :  E.  A.  Jenks.— A  flat  tie-bar,  with  the  ends  bent 
np  to  hold  the  outer  flange  of  the  rails  ;  used  with  a  metal  plate  under  each  rail,  hav- 
ing lugs  to  hold  the  inner  side  of  the  rail.  The  object  is  to  maintain  the  gauge  of 
track  and  prevent  spreading  of  rails. 

No.  416050  :  date,  November  26,  1889  ;  C.  F.  Z.  Caracristi.— A  cross-tie  of  I  section, 
fitting  into  a  chair  of  box  shape,  with  concave  sides  at  each  end. 

No.  416081 ;  T.  F.  Thomas. — A  cross-tie  in  two  pieces,  spliced  at  the  middle  by  plates 
and  bolts.  The  inner  end  of  one  piece  has  a  semi-circular  groove,  which  receives  a 
semi-cylindrical  rib  on  the  end  of  the  other  piece;  forming  a  horizontal  hinge  joint. 

No.  417426 ;  date,  December  17,  1889 ;  Richard  Jones. — A  cross-tie  having  a  deep 
recess  at  each  end  to  receive  the  rail  up  to  its  head  ;  the  rails  are  held  by  jaws  secured 
by  keys  driven  horizontally  through  the  tie. 

No.  418052;  date,  December  24,  1889;  William  Partridge  and  James  McCutcheou, 
jr. — A  hollow  cross-tie  of  triangular  section,  laid  with  the  apex  downward.  A  brace 
of  similar  form  is  placed  inside  the  tie  under  each  rail.  The  ends  are  closed  by 
blocks  of  preserved  wood.     The  rails  are  secured  by  bolted  clamps. 

No.  418158 ;  date,  December  31,  1889 ;  B.  Boyer. — A  cross-tie  of  cruciform  section 
-j-,  with  the  top  web  cut  away  at  each  rail-seat,  and  sloping  away  from  the  rail-seat 
to  the  middle  and  ends  of  the  tie.     The  rails  are  held  by  angle-bar  clamps  and  keja. 

No.  419101 ;  date,  January   7,   1890;  William  H.   Bagby. — A  cross-tie  of  shallow 

channel  section  | |,  with  lugs  on  the  sides  to  hold  the  inner  flanges  of  the  rails. 

A  loose  block  or  seat,  secured  by  bolts,  is  under  the  rail,  and  has  lugs  for  the  flanges. 

No.  420299;  date,  January  28,  1890;  Levi  Haas. — A  cross-tie  of  inverted  trough 
section.  The  rails  are  fastened  by  bent  clamps,  with  the  ends  secured  inside  the  tie. 
(See  No.  247248.) 

No.  420352 ;  date,  January  28,  1890 ;  William  MacManes  aud  George  E.  Lum. — A 
cross-tie  made  of  two  plates  of  <  section  (thus  O),  with  a  wooden  block  of 
hexagonal  section  at  each  end.  Bolts  pass  through  the  plates  and  blocks.  Between 
the  two  blocks  the  plates  have  longitudinal  flanges,  to  form  a  closed  bottom. 

No.  420485;  date,  February  4,  1890;  S.  L.  Wiegand. — A  cross-tie  of  inverted 
trough  or  channel  section,  with  roughened  top  and  corrugated  sides.  The  rails  are 
held  by  hook-bolts ;  the  hook  end  holds  one  flange,  and  at  the  other  end  is  a  nut  and 
clamp  for  the  other  flange  of  the  rail.     (See  No.  386119.) 

No.  420674 ;  date,  February  4,   1890;  Isaac  Brown. — A  cross-tie  of  I I  section, 

either  in  one  piece  or  in  two  pieces  bolted  together  at  mid-length.  The  rails  are 
held  in  chairs. 

No.  420895;  date,  February  4,  1890;  J,  B.  Wilson. — A  cross-tic  of  1  section,  with 
a  chair  and  lug  for  each  rail.     A  loose  clamp  is  put  on  the  inner  side  of  each  rail  and 
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secured  by  tlio  beatl  of  a  long  tjpike-sbaped  rod  driven  tbroiigb  tbo  tie  into  tbe 
grouud. 

No.  4217G9;  date,  February  18,1890;  Peter  Seniomiu. — Cross-tics  of  inverted  trongb 
or  cbanuel  section,  witb  a  dei)ressiou  in  tbe  top  at  eacb  end  to  form  a  rail  seat.  Tbe 
rails  are  secured  by  bolted  clamps.     (See  No.  387002.) 

No.  422830 ;  date,  Marcb  4,  1890;  M.  H.  Pierce. — A  cross-tie  of  J.  section,  witb  a 
saddle-cbair  under  eacb  rail. 

No.  423447 ;  date,  Marcb  18,  1890;  Percy  W.  Ross. — A  cross-tie  of  cbannel  section 
I  tj  witb  corrugated  bottom.  At  botb  ends  an  angle-iron  is  secured  on  tbe  outer 
side  of  eacb  side.     Eacb  rail  rests  on  a  block  of  wood. 

No.  423586;  date,  Marcb  18,  1890;  Jobn  M.  Bailey.— A  cross-tie  made  of  a  plate, 
bent  to  approximately  a  double  tubular  section  00,  of  different  forms.  Tbe  rails  are 
secured  by  bolted  clamps. 

No.  423852 ;  date,  Marcb  18,  1890  ;  Lewis  Barnes. — A  cross-tie  of  Hat  channel  or 
curved  section,  witb  tbe  ends  bent  to  form  a  brace  for  a  wooden  stringer.  An  angle- 
iron  is  riveted  to  tbe  tie  at  tbe  inner  side  of  eacb  stringer. 

Total  number  of  patents  from  July,  1839,  to  Marcb,  1890  :  491. 

Patents  for  cross-ties  or  track  of  concrete,  clay,  compositions,  etc.:  Nos.  127553, 
130010,  186710,  251625,  279280,  302664,  305156,  380274,  386064,  394426. 

Patent  for  glass  ties:  No.  211697. 


TIMBERS  USED  FOR  TIES  IN  SOME  FOREIGN  COUNTRIES. 


The  following  notes  are  extracted  from  the  correspondence  of  Mr. 
Tratmau  on  the  species  of  wood  used  in  some  foreign  countries.  Some 
further  particulars  will  also  be  found  in  the  special  returns  of  the  vari- 
ous railways  in  the  foregoing  report : 

Turkey. — Smyrna  and  Cassaba  Railway.     Oak  and  Pine. 

Egypt. — Early  in  1889  the  Government  was  negotiating  for  500,000  ties  from 
Australia;  probably  of  jarrah  wood. 

India. — The  pri  ncipal  woods  used  are  the  n  ati ve  sal  and  deodar  and  imported  creosoted 
pine.  It  is  stated  that  there  is  always  a  market  for  good  wooden  ties,  the  cost  of  which 
is  not  much  affected  by  the  extensive  introduction  of  metal.  They  appear  to  be  used 
at  frogs,  switches,  sharp  curves,  bridges,  etc.,  and  one  writer  estimates  that  6  per 
cent,  of  the  mileage  would  still  be  laid  with  wooden  ties,  even  if  all  the  railways 
should  introduce  metal  ties  as  rapidly  as  possible  and  discard  wooden  ties  except 
■where  their  use  is  "imperative"  (?).  Deodar  is  a  soft  wood,  with  which  accurate 
gauge  can  not  well  be  maintained,  and  with  which  the  risk  from  lire  in  dry  seasoMs 
is  50  per  cent,  more  than  with  siil  ties.  Curves  of  1,000  to  1,500  feet  radius,  laid  with 
deodar  ties,  require  to  be  respiked  about  every  three  months,  and  under  very  heavy 
traffic  the  gauge  has  been  oue-half  inch  wide  in  three  months  with  new  ties.  Under 
similar  traffic  the  gauge  is  only  one-eighth  to  one-fourth  inch  wide  in  two  years 
where  siil  is  used,  and  remains  correct  under  ordinary  traffic.  Siil  wood  weighs 
about  53  to  70  pounds  per  cubic  foot.  The  best  ties  are  of  good  sound  Nepal  siil 
well  matured,  and  not  cut  out  of  small  trees  with  a  great  proportion  of  sap-wood.  The 
•writer  mentioned  above  states  that  he  has  tried  deodar,  teak,  asna,  iron-wood,  jarrap, 
and  red  gum  from  Australia,  English  oak,  creosoted  fir,  yellow  pine,  etc.,  and  has  not 
found  any,  except  the  oak,  to  approach  the  durability  of  siil,  the  life  of  which  is  esti- 
mated at  eighteen  years.  The  creosoted  fir  ties  are  liable  to  dry-rot.  The  Rohilkuud 
and  Kumaon  Railway  has  tried  jungle-wood,  but  with  very  unsatisfactory  results.  The 
wood  answers  well  for  buildings,  but  rapidly  rots  in  the  track.  At  the  beginning  of 
1887  tbere  were  70,000  in  use,  and  in  eighteen  months  38,000  had  been  replaced  with 
siil,  while  the  rest  were  being  gradually  replaced.  The  jnugle-wood  was  to  be  had 
for  the  cuttiug  when  the  road  was  built,  but  though  cheap  it  was  not  economical. 

Ceylon. — Owing  to  the  weight  of  the  native  woods  and  the  difficulty  of  bauliugto 
the  railway,  etc.,  it  has  been  found  to  be  cheaper  to  import  ties  from  Europe.  There 
seems  to  be  a  movement  now,  however,  in  favor  of  utilizing  the  native  supplies  or 
for  the  forest  department  to  turn  its  attention  to  the  propagation  of  suitable  trees. 
At  the  beginning  of  1889  there  were  182^  miles  of  railway,  5  feet  6  inches  gauge, 
laid  with  72-pound  flange  rails.  The  ties  are  of  creosoted  Norway  pine,  buried  in  the 
ballast,  to  protect  them  from  the  direct  heat  of  the  sun.  They  are  9  feet  9  inches 
long,  10  inches  by  5  inches  section,  spaced  about  3  feet  apart. 

New  Zealand. — According  to  the  official  report  of  Mr.  J.  P.  Maxwell,  M.  Inst.  C.  E., 
general  manager  of  the  government  railways,  there  were  1,758  miles  of  railway,  13 
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feet  I)  iaclios  g;iu<;o,  in  operation  in  March,  1888.  Tlio  rails  are  of  iron,  40  and  52 
pounds  per  yard,  and  steel,  weighing  b2  and  53  pounds  per  yard.  Several  native  tim- 
bers are  used.  The  contract  prices  for  wooden  ties  are  72  cents,  or  by  other  contracts 
56  to  60  cents,  hewn  or  sawn,  for  birch  and  black  pine;  36  to  46  cents  for  Kamai,  46 
to  52  cents  for  totara,  59  cents  for  silver  pine.  There  are  about  2,100  ties  per  mile 
or  3,518,238  in  all.  The  renewals  during  the  year  ending  March  31,  1888,  were  122,027 
ties. 

Tasmania. — The  track  consists  of  43-pound  steel  flange  rails  on  ties  of  stringy  bark, 
iron  bark,  blue  gum,  or  peppermint.  The  ties  are  6  feet  6  inches  long,  9  inches  wide, 
4^  inches  thick  ;  laid  2,450  to  the  mile,  24  inches  apart  at  joints.  They  are  in  6  feet 
of  bottom  ballast,  with  4^  inches  of  boxing  and  top  ballast. 

Argentine  litpnblic. — East  Argentine  Railway,  hauderbay  ;  Western  of  Buenos  Ayres 
Railway,  quehacho  and  urunday. 

Uruguay. — Uruguay  Northwestern  Railway,  creosoted  pine. 

Brazil. — Herobo  and  native  hard  woods. 

Chili. — Antofagasta  Railway,  Chili  oak;  Copiapo  Railway,  Chili  oak;  Coquimbo 
Railway,  cypress;  Taltal  Railway,  white  oak. 

Peru. — Pisco  and  Yea  Railway,  California  redwood. 

Venezuela. — La  Guaira  and  Caracas  Railway,  lignum-vitse 

United  States  of  Colombia. — Lignum-vitsB. 

Mexico. — Merida  and  Progreso  Railway,  iron- wood. 

Cuba. — Jequi  and  native  hard  wood. 

Hawaii. — California  redwood. 
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(All  "-eferences  in  regard  to  Metal  Track  and  Wooden  Ties  are  found  under  these  two  captions.    For 
references  to  Countries  see  Railways,  under  Metal  Track.] 

The  letter  (d)  denotes  that  description  is  found  on  the  page  which  it  follows. 


Abt  system  of  rack  railways,  149,  175  (d.),  269,  149,  319. 

Animal  charges,  how  computed,  37  ;  table  of,  40. 

Ballast  influencing  durability  of  ties,  23,  24. 

Cars  made  of  metal,  15, 

Circular  of  inquiry  regarding  metal  track,  57. 

Color  indicating  durability  of  woods,  17. 

Consumption  of  timber  for  railroads,  7,13,16;  Summary,  43;  tables,  43^.;  for  re- 
newal, 41,  42  ;  kinds  and  amounts  for  ties,  14. 

Cost  of  various  tie  systems,  how  to  calculate,  10,  35,  37. 

Culling,  efi'ects  on  forest  growth,  7. 

Durability  of  timber,  color  a  criterion,  17;  how  influenced,  23;  time  of  felling  influ- 
encing, 19 ;  list  of  durable  timbers,  19 ;  table  of  duration  of  tie  tim- 
bers, 25. 

Economies  in  use  of  wood  suggested,  17. 

Financial  calculations,  10,  35,  37. 

Forest  administration  needed,  14, 15. 

Fuel,  use  of  wood  not  objectionable,  16. 

Glass  ties,  319. 

International  Railway  Congress  opinions  on  metal  track,  67,  101,  297. 

Life  of  timber.     (See  Duiability.) 

Light  and  portable  railways.     (See  Tramways,  under  Metal  Track.) 

Metal  vs.  wood.     (-See  under  Metal  Track.) 

METAL  TRACK.     (293,  General  Review),  (322,  brief  synopsis). 

Advantages,  (see  also  Objections,  and  Comparison  with  wooden  ties),  131,  134,  164, 

(207  for  prairie  country),  213,  215,  274,  275,  278,  293. 
Ballast,  24  (66,  effect  on  ties),  70,  80,  85, 113, 116,  (126,  influencing  cost),  127,130, 
136, 141, 145, 159, 166,  (174,  better  class  needed),  (179,  volume  needed), 
(185,  effects  on  maintenance),  195,  (204,  none),  (212,  for  bowls),  (214, 
behavior),   227,  (240,  258,  grass  cover),  (245,  247,  influence  of),  (248, 
cinders  advantageous),  (257,260,  snrface  soil),  (263,  saving),  274,  (65, 
68, 159, 184, 280, 285,  effects  of  frost  on). 
Ballasting,  64, 82, 83, 85,  (88,  expensive),  99, 104, 142, 150,  (159,  longitudinals),  164, 
(170,  instructions  for),  (196,  bowls),  200,  (212,  difficalt  with  bowls), 
(213,  saving  labor),  221, 233, 234, 236, 238, 247, 260,  (261,  surface  soil), 
282,  283,  (315,  summary). 
Bowls.     (See  Types  of  ties.) 

Breakages,  (see  also  Wear  and  Rust),  61, 66, 69, 71, 74,  83,  84, 88, 98, 100, 110, 113, 11.5, 
127,  139,  146,  148.  178,  184,190,194,202,203,213,219,228,237.239,242, 
245, 248, 251, 260,  (272 !),  274, 278, 282, 283, 296. 
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Chairs,  (see  aho  Tie-Plates),  59,  60,  64,  66,  70,  72,  74,  75,  76,  79,  (60,  not  needed),  83, 

84,  89, 117,  250,  263,  (295,  unnecessary). 
Coatings,  {QQ,  tar  and  oil),  84,  (105,  tar),  201,(204,  tar),  206,  (225,  varnish),  232. 
(236,  Smith's),  247,263,264,273,  (284,  Smith's),  (232,  oil  and  tar),  256- 
(308,  summary). 
Comparison  of  \Yood  and  metal  ties.     {See  Metal  v.  Wood.) 
Composite  ties,  (wood  and  metal).     {See  Wooden  Blocks.) 

Contact,  metal  avoided.    {See  also  Wooden  Blocks),  (64,  paper  or  tarred  canvas), 
(66,  felt),   (87,  107,  not  objectionable),  (124,  gravel),  (234,  creosoted 
felt). 
Cost  of  ties  and  track,  {See  also  Maintenance),  72,  73,  80,  81,  83,  84,  89,  (95,  price 
and  section),  96,  100.  Ill,  112,  115, 118, 119, 126, 130, 137, 142,  147, 159, 
162,  204,  205,  (207,  specified),  213,  238,  256,  258,  268,  273,  275,  295,  298, 
(313,  summary). 
— Corupared  with  wooden  ties,  62  (63,  tabular),  67,79, 106, 114, 122, 156, 171, 185, 
(216,  specified),  (218,  bowls  vs.  wood),  238,  324. 
Countries  using  metal  track.     {See  Railways.) 
Cross-ties.     {See  Types.) 
Creeping,  242. 
Curves,  Methods  on,  ( See  also  Gauge),  80, 98, 146, 147, 150, 195, 239, 248,  (269,  wooden 

ties  preferred). 
Drainage,  124, 142, 144, 240, 259. 
Durability.    (/See  Life,  Wear,  Rust.) 
Economy,  121, 217,  268,  278, 294,  314,  324. 

Fastenings,  (61, 88, 191,  wear),  (95,  with  Post-ties  d),  (98,  comparative  tests;,  (159, 
with  longitudinals),  (164,  importance  of),  (259,  with  bowls  ^),  (295, 
best),  (308,  309,  310,  summary). 
Bolts  and  clamps,  82  (d),  84,  95,  111,  123,  140,  279,  283,  284,  (285,  advantages 
of). 
Heindl  system,  99,  295. 

Roth  &  Schuler  (Baden)  system,  95  {d),  99,101,  133,  138,  142,  168,  173. 
Ruppel  system,  99,  106,  110,  111,  123,  128,  129,  131,  136,  146  {d),  155,  167, 
172,  177,  182,  183,  192,  295. 
Bolts  and  nuts,  68, 84,  (101,  with  gauge  washers),  (95, 201,259,  Ibbotson's  bolt), 

(97,98,99,  nut-locks),  133,  140,  (111,241,  hook-headed  bolt). 
Clips,  235,  (243,  of  different  metal). 
Gib  and  Cotter,  72,  82,  (84,  superior  to  clamps),  104, 125, 162,  190, 191, 250,  (310, 

summary). 
Keys,  wooden,    61,  64,  72,  73,  88,  118;  with  clips,    62,  71,  72,  236,  243;  with 
lugs,  76,  87, 115, 117,  119,  225,  253 ;  (74,  with  half-hoop),  (75,  Bankart), 
(92,  with  clamps),  (118,  Coblyn  with  cap),  (242,  particulars  in  plac- 
ing), (310,  summary). 
Rivets,  92,  118,  310. 
Screws,  92. 
Plates,  88,  117. 
Form  and  dimensions,  164,  298,  (303,  general  discussion). 
Frogs  and  switches,  153, 167,  168, 174,  202,  297,  317. 
Frost,  effects  of,  65,  68,  159,  184,  280,  285. 

Gauge,  adjustment,  72,  76,  112,  125,  130,  131,  133,  140,  141,  147,  169,  170,  173, 192, 
197,213,  (228,  maintenance,  comparative  tests),  232,  234,  251,  252,  253, 
255,  258,  (272,  importance),  278,  285,  297,  (312,  summary.) 
Guarantee  by  manufacturers,  107,  126,  307. 

Joints,  59,  60,  (75,  special  ties),  84,  87,  100,  104,  106,  123,  128,  129,  (248,  special 
ties),  (249,  Desbruslais  support),  (256,  Fisher  fastening,  d),  278,  279, 
280,  285,  296. 
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Lateral  motion,  {see  also  Open  Ends),  65,  104,  117,  267. 

Life,  (see  also  Wear  and  Rust),  68,  86,  102,  120,  127,  131,  145,  159, 178, 190,217,  226, 

268,  282,  296,  297. 
Light  railways,     (^ce  Tramways,  etc.) 
Longitudinals,  (see  Types),  (148,  compared  witli  cross-ties). 

Maintenance,  (83,  precautious  in),  (85,  extra  labor),  (97,  labor  involved),  (103,  re- 
duced need),  ( 141,  by  contract),  (16G,  185, 191,  227,  240,  effects  of  ballast 
on),  (213,  reduced  labor),  (269,  expensive),  (270,  troublesome),  (278, 
no  trouble). 
—Cost  of,  62,  81,  82,  (96,  97,  tables),  (103,  104,  comparative  labor  days),  114,116, 
119,  126,  (130,  days  of  labor),  141,  (147,  specified),  167,  182,  185,  204, 
(229,  specified),  (236,  labor  needed),  (247,  labor),  (252,  specified),  269, 
270,  (273,  reduced),  274,  282,  296,  (316,  summary). 
Manufacture,  (See  also  under  Types),  (61,  in  England),  (62,  stamping  ties),  (66, 
73,  74,  89,  113,  205,  225,  method  of  ),  (218,  in  India),  231,  295,  (307, 
summary). 
Manufacturers : 
Ausiralia.    Springall  &  Frost,  204— Toowoomba  Foundry  Co.,  203,204,  205. 
Austria.    Teplitz  Rolling  Mill  and  Bessemer  Works,  158. 
Belgium.    Angleur  Steel  Works,  100,  112,  114,  115— Cockerill  Works,  111— Cou- 

illet  Works,  111 — Louvi^re,  111 — Caramin  &  Co.,  113. 
England.     Bagnall,  75 — Bolckow  &  Vaughan,  62,  232,  256— Chair  and  Sleeper 
Co.,  71,  76— Cockerill  Works,  66,  112— Darlington  Steel  and  Iron  Co., 
70,  266-Ebbw  Vale  Iron  and  Steel  Co.,  263— Fowler  &  Co.,  189— 
Hea,  Wrigbtson  &  Co.,  267— Howard  &  Co.,  73,  268— Ibbotson  Bros. 
74, 201— Kerr  &  Stuart,  72,  270— MacLellan  (Clutha)  Iron  Works,  76— 
&  Co.,  Moss  Bay  Hematite  Co.,  194— Patent  Nut  and  Bolt  Co.,  76— 
Railway  Sleeper  and  Tie  Co.,  75— Schultz,  Tozer  &  Co.,  263— Trede- 
gar Iron  and  Coal  Co.,  70,  75. 
France.     Chappee,  89— Fraisant  Works,  86,  190,  196— LeGrange  Works,  263— 
Soci6t6  anomyme  des  Hants  Fourneaux,  80— Soci6t6  de  Denain  et 
d'Anzin,  81,  82,  191. 
Germany.    Aachen  Mills,  130 — Bochum  Works,  178 — Burbach  Forge  Co.,  147 — 
DeWendel  Works,  145— Gutehoffnung  (Good  Hope)  Works,  128,  130, 
173— Hoerde  Steel  Works,  100,  134,  145,  173— Hoesch  Iron  and  Steel 
Works,  134,  145 — Koenigin  Marie  Works,  134 — Kraemer  Bros.  Works, 
139 — Laurahutte  Works,  137 — Luxemburg  Metal  Works,  147 — Max- 
imilian Works,  139 — Phoenix  Company  of  Laar,  130 — Rhenish  Steel 
Works  of  Ruhrort,  130 — Saarbruck  Iron  Works,  147 — Union  Iron  and 
Steel  Co.  of  Dortmund,  130,  182. 
India.     Burrakur  Iron  Works,  230— Jamalpur  Works,  212,  230. 
Italy.     Tardy  &  Benech,  192. 
Scotland.    Anderson  Foundry  Co.,  258,  264— MacLellan,  P.  &  W.  (Clutha  Iron 

Works),  239. 
United  States.     Cambria  Iron  Co.,  287 — Homestead  Steel  Works,  285 — Interna- 
tional Railway  Tie  Co.,  287— Pennsylvania  Steel  Co.,  285 — Schofield 
Metal  Cross-tie  Co.,  289— Standard  Metal  Tie  and  Construction  Co. 
(New  York),  279,  280,  285. 
Materifil,  66,  104,  113,  117,  (219,  239,  296,  iron  vs.  steel),  284,  295,  300. 
Metal  vs.  wood,  122,  123,  127,  130,  133,  134, 141,  214,  242,  260,  269,  277,  297,  298,  348. 
Mileage,  9,  56,  (120,  in  Germany),  (121,  Prussian  State  R.  R.,  tables,  298),  (290, 

summary). 
Noise,  107,  114,  116,  118,  124,  158,  172,  177,  273,  279,  311. 
Objects  of  metal  tie  defined,  117,  156,  295, 

22893— Bull.  4 23 
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Objections  to,  271,  (60,  in  England),  266,  271. 
Old  rails,  79,  110, 153,  160,  284,  317. 

Open  ends,  62  (65,  objections),  74,  106,  132, 190,  203,  287,  295,  (312,  summary). 
Patents,  list  of,  in  United  States,  326.     (See  also  List  of  Patentees  on  page  361.) 
Plate  ties.     (See  Types.) 
Preservative  treatment.     (See  Coatings.) 
Prices.     (See  Cost  of  Ties.) 

Rack  railways,  149,  151,  174,  175,  269,  319,  320,  321. 

Rails,  (258,  297,  wear),  (259,  sufficient  section),  (274,  various  weights),  (60,  264, 
Barlow  bridge  rail),  (60,  68,  Brunei),  (60,  81,  85,  double-headed,  adap- 
tation), (60,  61,  72,  85,  91,  100,  flange),  (123,  Haarman  compound),  (72, 
81,  girder),  old,  for  ties  (79,  110,  153,  160,  317). 
Railways  and  countries  mentioned  : 

AFRICA,  187.     Summary  of  metal  track,  198. 
Abyssinia,  Massana  and  Sahati  Railway,  192. 
Algeria,  190. 
Algerian  Railways  (Paris,  Lyons  and  Mediterranean  Railway),  190 — 
B6ne  and  Guelma  Railway,  192. 
Cape  Colony,  Cape  Government  Railways,  194. 
Congo  Free  State,  Congo  Railway,  196, 
Egypt,  187  ]  348,  timbers  used. 

Egyptian  Agricultural  Railways,  189. 
Egyptian  Railways,  187. 
Suakin  Railway,  189. 
Island  of  Reunion,  197. 
Natal,  Natal  Government  Railways,  196. 
Senegal,  197. 

South  Africa  (Portuguese  territory),  Delagoa  Bay  and  East  African  Rail- 
way, 193. 
South  African  Republic  (Transvaal),  196. 
ASIA,  210.    Summary  of  metal  track,  256. 
Ceylon,  255.  348. 
China,  255. 
Farthei-  India,  254. 

India,  Railway  mileage,  210 — General  Remarks,  212,  (221,  contracts  for 
metal  ties),  metal  ties,  number  and  kinds  laid,  227,  summary  of  metal 
track,  254. 
Railways  :    Amraoti,    247 — Bengal-Nagpur,   231 — Bhavuagar,   Gondal 
Junagarh  and  Porbandar,  247 — Bhopal-Itarsi,  235 — Bombay,  Baroda 
and  Central  India,  244 — Burmah,  241 — Calcutta  Port,  248  -  Cherra- 
Companyganj,  241 — Delhi,  Umballa  and  Kalka,  246 — Dhond-Manmad, 
235 — Eastern  Bengal,  240 — East  Indian,  227 — Great  Indian  Peninsula, 
243— H.  H.  the  Gaekwar's,  247— H.  H.  the  Nizam's,  246— Indian  Mid- 
land, 221,  233 — Indian  State,  221 — Jammu  and  Kashmir,  240— Jodh- 
pore,  247 — Jorhat,  241 — Khamgaon,  247 — Madras,  241 — Morvi,  247 — 
Miscellaneous  Lines,  249 — Northwestern,  235 — Oudh  and  Rohilkund, 
239— Patna-Gya,    231— Rajputaua-Malwa,    231— Siud-Pishim,    238— 
Sind,  Punjab  and  Delhi,  238— Southern  Mahratta,  233— South  Indian, 
242— Tarakeswar,  245— Thaton  ^  ^yinzaik,  246— Tirhoot,  241— Vill- 
upuram-Dharmavaram,  234. 
AUSTRALASIA  (Australia),  199— SuL.^itry  of  metal  track,  209. 
Neio  South  Wales,  208. 
New  Zealand,  208,  348. 

Queensland,  203  :  Railways  :  Fassifern,  205— Croydon  and  Normanton,  206 — 
Queensland  Government,  203. 
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Railways  and  coimtiies  mentioued — Coutinued. 
AUSTRALASIA  (Australia)— Coutinued. 
South  Ausiralia,  199. 
Tasmania,  "209,  ;{49. 

Victoria,  208:  Victoria  Goverumeut  Railway,  208. 
EUROPE,  59:  Summary  of  metal  track,  186. 

Austria  and  Hungary^  154:  Summary  of  metal  track,  164 
Railways:  Aussifr  and  Teplitz,  158 — Austrian  State,  155— Galician  (Carl 
Louis),  158— Hoitzing  and  Pertcbtoldsdorf  Steam  Tram- way,   162 — 
Hungarian  State,  162 — Northern  State,  157 — Northwestern,  158. 
Belgium,  109  :  Summary  of  metal  track,  119. 
Railways:  Belgian  State,   110 — Great  Central,  113 — Lifege  and  Luxem- 
bourg, 115 — Liege  and  Seraiug,  115 — Local,  115 — Northern.  114. 
Denmark,  182:  Danish  State  Railways,  182. 

England,  Scotland,  and  Ireland :  England,  59 — England,  Summary  of  metal 
track  77— Scotland  and  Ireland,  77. 
Railways :  Bristol  and  Exeter,  60,  68 — Furness,  70— Great  Eastern,  70 — 
Great  North  of  Scotland,  77— Great  Northern,  67— Great  Western,  68— 
Highland,  77  (Scotland) — London,  Chatham  and  Dover,  69 — London 
and  Northwestern,  64 — London  and  Southwestern,  69 — Mersey,  70 — 
Metropolitan  District,  70 — Metropolitan,  70 — Midland  Great  Western, 
77— Midland,  66— Northeastern,  61, 74— Northstaffordsliire, 71— South- 
eastern, 59. 
France,  78  :  Summary  of  metal  track,  93. 
Railways :  Eastern,  87 — Northern,  91 — Paris  and  Orleans,  91 — Paris,  Lyons 
and  Mediterranean,  78, 86, 190— Southern,  91— State,  79— Western,  89. 
Germany,  119:  Summary  of  metal  track,  154 — First  trials  in  Germany,  124 — 
Mileage  of  railways  on  various  kinds  of  ties,  120 — Ties,  of  wood  and 
iron  in  Germany,  number,  122. 
Railways :  Alsace-Lorraine  State,  143 — Baden  State,  140 — Bavarian  State, 
137 — Berlin  City,    123 — Halberstadt  and  Blankenberg,   149 — Hesse- 
Louis  146 — Hollenthal,  151 — Lower  Palatine  (Pfalz),  148— Lubeck  and 
Buchen,  149, — Main-Neckar,   145 — Mulhausen,  Ensisheim  and  Wit- 
tenheim,  150 — Prussian  State,    121  :    [Altona  Division,  135 — Berlin 
Division,  123 — Bromberg  Division,  137 — Cologne  Division,  right  bank 
Rhine,  128— Cologne  Division,  left  bank  Rhine,  129— Elberfeldt  Di- 
vision, 124— Erfurt  Division,  133 — Frankfort-on-Main  Division, 131 — 
Hanover  Division,   136 — Magdeburg   Division,  136] — Wurtemburg 
State,  142. 
Holland,  93 :  Summary  of  metal  track,  108— Mileage  of  railway  track,  93. 
Railways:    Dutch    Central,    106— Dutch-Rbenish,   106— Holland,    104— 
Netherlands  State,  93. 
Italy,  180. 

Portugal,  179:  Royal  Railways,  179. 
Russia,  184  :  Moscow-Kursk  Railway,  184. 

Spain,  176:  Summary  of  metal  track,  179— Almansa,  Valencia  and  Tarra- 
gona Railway,  178 — Bilbao  and  Las  Arenas  Railway,  177. 
Sweden  and  Norway,  181 :  Swedish  State  Railways,  181. 
Switzerland,  \Q^'.  Summary  '^  metal  track,  176. 
Railways  :  Burgenstock,  1*^5 — Gotthard,  165 — Jura,  Berne  and  Luzerne, 
172— Mt.    Pilatus,    174^Northeastern,    167— Swiss    Central,    174— 
United  Swiss,  173— Western  and  Simplon,  168. 
TurJcey,  184 :  (348,  timbers  used). 
Eastern  Railway,  184. 
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Railways  and  countries  mentioned — Continued, 
NORTH  AMERICA,  276: 
Canada,  289. 
United  States,  276. 

Railways  :  Chicago,  Santa  Fe  and  California,  281 — Chicago  and  Western 
Indiana,  279— Delaware -and  Hudson,  280 — Delaware,  Lackawanna 
and  Western,  284 — Denver  and  Rio  Grande,  283 — Long  Island,  282 — 
Maine  Central,  283 — Pennsylvania,  280 — Philadeljjhia  and  Baltimore 
Central,  283 — New  York  Central  and  Hudson  River,  277. 
SOUTH  AMERICA,  CENTRAL  AMERICA,  AND  MEXICO,  257:  Summary  of 
metal  track,  275. 
Argentine  Beimolic,  257;  summary,  265;  timbers  used,  349. 

Railways:  Andine,  264— Buenos  Ayres  Great  Southeru,  257— Buenos 
Ayres  and  Enseda  Port,  263 — Buenos  Ayres  and  Pacific,  262— Buenos 
Ayres  and  Rosario,  264 — Buenos  Ayres  Northern,  264— Central  Argen- 
tine, 260— East  Argentine,  262— Northern  Central,  265 — Santa  Fe  and 
Cordova  Great  Southern,  263— Santa  F^  and  Northern  Colonies,  265 — 
Western  of  Buenos  Ayres,  264. 
Brazil,  266,  349:  Summary  of  metal  track,  269. 

Railways:  Conde  d'Eu,  267 — Dom  Pedro  Segundo  (now  known  as  Cen- 
tral Railway  of  Brazil),  268— Donna  Theresa  Christina,  74, 267— Great 
Western  of  Brazil,  266 — Minas  and  Rio,  268 — Recife  and  Sao  Fran- 
cisco Pernambuco,  268 — San  Paulo,    268— Southern  Brazilian    Rio 
Grande  Do  Sul,  266. 
CUliy  265,  349 :  Coquimbo  Railway,  265. 
Costa  Bica,  272. 
Cuba,  349. 

Guatemala,  271 :  Guatemala  Central  Railway,  271. 
Hawaii,  349. 

Mexico,  272,  349— Mexican  Railway,  272— Mexican  Central,  Railway,  275. 
Pe7'u,  349. 
San  Salvador,  272. 
Sumatra,  255. 

United  States  of  Colombia,  270,  349:  Panama  Railroad,  270. 
Uruguay,  349. 
Venezuela,  269;  (349,  timbers  used.) 

Railways:  Puerto  Cabello  and  Valencia,  269 — Bolivar,  269 — La  Guayra 
and  Caracas,  270. 
Reports  favorable,  61,  79,  83,  84,  85,  86,91,  100, 106, 107,  112,  113,  114,  115, 120, 121, 
131,  134,  146, 148,  156,  160,  171, 178,  190,  191,  193, 194,  202,  205,  227,  232, 
245,  248,  259,  260,  263,  267,  268,  270,  272, 273,  274,  275,  280. 
Reports  unfavorable,  86,  87,  109, 110, 135, 183,  245, 280,  281,  282,  284. 
Renewals,  (83,  194,  315,  method),  (214,  220,  244,  difficulties),  (229,  table),  (251, 

comparative  cost). 
Requirements,  (see  Objects),  295  (summarized). 
Review  of  metal  track  question,  293. 
Rolling  stock,  effects  on,  67,  83,  84,  85,  88,  106,  116,  (127,  unfavorable),  158, 172, 182, 

185,  191, 198,  214, 234,  251,  273,  296,  311. 
Rust,  66,  70,  80,  83,  ( 100,  amount),  101, 112. 116, 127, 190,  203,  213,  220, 232,  237, 240, 

247,  260,  279,  296. 
Safety,  164,  215,  219,  (274,  in  floods),  280,  296,  314,  323. 
Sidetracks,     (-See  Tramways.) 
Spacing,  278,  314. 

Stone  substructure,  144,  163,  175,  241. 
Street  Railways.     {See  Tramways.) 
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Superiority,  9. 

Switches  and  Frogs.     (See  Frogs  and  Switches.) 
Tests,  98,  104,  15-i,  225,  302. 
Tie-rods,  (217,  needs  of),  249,  253,  311. 
Ties,  number  per  mile,  274. 
Tie-plates,  (see  also  Chairs),  CO,  87,  92, 101,  106,  111,  113, 118, 129.  (140  advantages), 

172,  190,  318. 
Track-laying,  02,  64, 67, 119,  (170,  instruction  for),  (207,  cost  and  method),  232, 238, 

(239,  method),  (262,  more  rapid  than  with  wood),  (314,  summary). 
Travel,  ease  of.     (Sec  Rolling  Stock.) 
Tramways,  light  railways,  street  railways,  side  tracks,  68,  (74,  ties  for),  75,  76,  92, 

150, 162,  189,  200,  241,  319,  320,  321. 
Types  of  ties.     (78,  296,   simplicity   desirable)  ;    (298,  the  most  desirable  not 

determined) :  (303,  304,  form  aod  dimensions  discussed.) 

a.  Bowls:  60,  (77,  boxes),  187, 196,  (212,  obsolete),  (214, 227, 235,  objections),  (217, 

objections  and  advantages),  (222,  favored),  234,  237,  (238,  favorable), 
(240,  weight),  242,  243,  244,  (245,  breaks),  246,  247,  257,  258,  260,263, 
264,  (267,  cross-ties  compared),  268,  279,  282, 286,  288,  (300,  summary). 

De  Bcrgue,  [plates  17  and  20]  ;  178,  223  (d),  227,  240 Greaves,  [plate 

20];   59,222  (d);   227,240,241,242,268 Howard,  74  (d) Indian 

State  Railways,  [plates  23,  24]  ;  217,  234,  237,242  (d),  246 Livesey 

[plates  20,  26],  71  (d),  194, 197  (d),  223  (d),  258, 260  (d),  262, 264, 270 

MacLellau  &  Smith,  [plate  25],  76,  239  (d),  248 Molesworth,  224 

(d),  231 Price,  (boxes  with  sawdust  asphalt),  77  (d) Taylor, 

[plate  30],  281  (d),  287 Toucey  [plate  29],  279,  286  (d.) 

b.  Plates:  187  (preferred  to  bowls  and  wood),  212, 214, 230, 237, 238,(252,  develop- 

ment). 

Bell,  253 Denham  (212,  faults),  254  (d) Denham-Olpherts  [plates  21, 

231,  (213,  advantages),  219,  222,  (224,  Molesworth  and  Schwartz  mod- 
ification), 227, 228  (230,  detailed  report),  231, 232, 233, 234, 235, 237  (d), 

238,240,241,245.246,  250,  (d),  (252,  detailed  report),  254 Denham- 

Olpherts-Molesworth,  [plate  21],  224  (d),  251 Egyptian  Railway 

[plate  17],  189  (d) Greaves  &  Barlow,  110 Leslie,  230  (d) 

Marchal,  110 Moore,  252  (d) Poncelet,  110. 

c.  Cross-ties:  (299,  standard  type.). 

Atziuger,  155 Bagnall  [plate  4],  75  (d) Bankart  [plate  4],  75  (d) 

Barlow,  59 Belgian,  68 Bernard  (double)  [plate  10],  111  (d), 

116,  117  (d) Berg-and-Mark  [plate  12],  79,  125  (d),  129,  130,  131 

(d),  132,  135  (d),  136,  137,  141  (d),  143  (d),  147,  149,  161  (d),  162,  167^ 

168, 169,  174,  181  (d),  185,  256,  295 Bieri,  172 BoyenvalandPon- 

sard  [plate  6],  84  (d),  192 Braet,  111  (d) Brunou,  92  (d) Ca- 

bry  and  Kinch  [plate  1],  61  (d) Caramiu  &  Go's.,  [plate  11]  113 

(d) Chair  and  Sleeper  Go's.,  76  (d) Chappee  [plate  7]  89(d), 

90 Coblyn  [plate  10],  115,  116,  118 Gockerill  [plate  3],  66  (d), 

112  (d) Cosijns  [plate  8],  94  (d),  100, 101 Cowdery,  208 Dan- 

,  isb  State  Railway,  183 -Darlington,  70 De    Bergue,  178  (d), 

240 Decauville,  92  (d) Desoignies,  110 Duraud,  287  (d) 

Flower-Heller,  288  (d) Fowler,  189,  241 Gobert,  110— Gotthard 

Railway  [plate  5], 165,  167  (d),  172,  173 Goupillon,  92  (d) Guil. 

laume  [plate  7J,  87 Gute  Hoffnung  (good  hope)  Works,  153  (d) 

Haarmann  [plate  12],  106,  128,  130, 131  (rf),  132, 134, 135  (d),  1.36,137, 

143  (d) Hartford  [plate  27],   277  (d),  284  (d) Helson,  110 

Heindl  [plate  14],  137,  1.38  (d),  139  (d),  154,  1.57,  163  (d) Hicks 

[plate  30],  284,  287 Hilf  [plate  17],  134  (d) Hoerde,  131,  136, 
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Types  of  ties — Coutinued. 

c.  Cross-tics — Contiuued. 

149  (d),  151  {(I),  152 Hoesch-Lichtbammer,  95  (d),  134,  137.  145, 

192 Hoffmeier,  28.-; Hollaud,  288 Howard  [plaie  4],  67,68, 

71,73  (d),  2iiS  (d) ludian  State  Railway  [plates  17^  22,  23,24,  25], 

193,  212,  220  (d),  225  (d),  226,  227,  231  (d),  233  (objections),  234,  235, 
(d),  243,  246  (superiority),  247,  255,  263,  266,  268,  272, Interna- 
tional [plate  30],  282,  2«3,  286  (<?) Kerr  and  Stuart  [plate  4],  72 

(d),  247,  270 LaGressiere,  92  (d) Langley,   67 Lazar,   132, 

166  (d) LeGrauge,  263  Livesey,  71  (d),  203 Lubeck  and  Buclien 

Railway,  149  (d) MacLellau  and  Smith  [plate  18],  76,  179,  201,  222. 

223  (d) Maloney,  283  (d) Midland  Railway  Tie,  m Moore's 

Cross-tie,  253  (d) Moss-Bay  Go's.,  67, 194  (d),  317 Neafie,284 

Nuts  and  BoltCo's.,  76 Old  rail,  79,  110,  153,  284 Qzanne,  79 

Paulet  and  Lavalette    [plate   5],  80    (d),    91    (d) Pennsylvania 

Railway  [plate  29],  281,  286  (d) Phillips  [plate  19],  203,  205  (d), 

206  (d) Phceuix  Iron  Works,  288  {d) Post  [plates  8  and  9],  79, 

88,  93,  ff.,  (98,  standard),  (101,  latest  form,  d),  (102,  comparative 
experiments),  107  (d),  (108,  number  in  use),  115, 131, 136, 196,  255, 257, 

295,  296- Price,  288  (d) Quetcb,  76  (d) Reudel  {see  Indian 

State    Railways) Renson,    94 Rhenish,    130,    136, Sampan 

[plate  4J,  75,  302, Schofield   [plate  30],  289  (d) Sciiulke  (old 

rails),  153 Severac  [plate  10],  91, 114, 115  (d),  117  (d),  192,  197 

Standard  [plate  28],  117,  279,  280,  285  (d) Stephenson,  60 Tozer 

[plate  4],  67,  69  (70  unsuitable),  72  (d),  213.  256,  257 Travis,  283 

(d) Tredegar,  70,  75  (d) Vautherin  [plates  5,  6,  12,  16,20],  62, 

64,  67,  74,  78,  79,  81  (rf),  82,  83,  85,  86,  88,  104,  105,  106,  109,  110,  111, 
124,  128,  130,   131,  132,  136,  137,  142  (d),  145,  166,  167,  177  (d),  184, 

188,  190  {d),  191,  192  (d),  222,  223  (d),  240,  268,  295,  296 Webb 

[plate  2],  60,  61,  64  (d),  67 Western  and  Simplou 

15],  169  (d) White,  74  (d) Wood  [plate  4],  61, 

[plate  10],  109,  113,  116,  118  (d). 

d.  Longitudinals  (68,  life  of),  (120,  disadvantage),  (137,  long  and  cross  ties  com- 

pared), 144  (146,  cost  of  maintenance  too  high),  147,  (148,  long  and 
cross  ties  compared),  (154,  1.55,  mileage),  (156,  objects),  (160,  advant- 
ages of),  (212,  breakages),  222,  (299,  300,  advantages  and  objections 
summarized.) 

Barlow,  .59,212 Berg-and-Mark,  161, 191 Brunton,59 Burkhardt, 

153  {d) Demerbe,  150 Haarmanu  [see  plate  12]  120, 123  {d,  (124, 

128,  130,  132,  136,  137 Hartwich  combined  rail  aud  longitudinal 

[plate  12],  129,  137,  138  (d),  144  (d),  162  (d) Hilf  [plate  12],  110, 

120, 123, 130, 131, 132, 133  (d),  134  {d),  136,  137, 144  (rf),  146,  147,  166  (d) 
191  -Hohenegger  [see  plate  14],  154,  158  (d),  166 Legrand  (Sal- 
kin),  110 MacDonnell,   60,  68    {d) Price,  288   (d) Rhenish 

[plate]  12110,  130,  136,  137,  144  (d),  161  (d) Serres  &  Battig  [plate 

11],  110,  113,  115,  155  (d) Vautherin  [plate  12],  124,  128 

Wear,  {see  also  Breakages,  Life,  Rust),  (107,  126,  307,  guarantied),  127,  145. 

Weight  of  ties  and  track,  (65,  Webb),  (66,  Cockerill),  (67,  ordinary  track),  (72, 
Tozer),  (73,  Kerr  and  Stuart),  (76,  Quetch  per  mile),  (90,  Chappee, 
metal  and  wood  compared),  (99,  Post  per  yard  specified),  (112,  113,  suf- 
ficient), (114,  Caramin),  (118,  Bernard),  (123,  Haarmanu  longitudi- 
nal), (139,  minimum),  (140,  Heindl  per  rail),  (142,  149,  Berg-and- 
Mark),  (145,  insufficient),  (164,  importance),  (189,  plate-ties),  (222, 
245,  bowls  per  mile),  (238,  various  ties),  (2.50,  251,  Denham-Olpherts), 
(261,  Livesey  bowl),  (295,  limits),  (305,  306,  307,  summary). 


>95,  296 Webb      ^| 

1  Railway  [plate      T 
7i{d). Z-iron 
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Wooden  bearing  blocks  (composite  ties),  (68,  Macdonnell  system),  (87,  Guillaume, 
elm  vs.  oak,  advantages),  (88,  undesirable),  (94,  Cosi.jus,  objections), 
(98,  tests),  (114,  Caramin,  discarded),  (1"24,  212,  objectionable),  (242, 
with  bowls),  (254,Denliam),  (2r^0,  285,  Standard),  (283,  Travis),  (286, 
Toucey),  (287,  Hicks),  (288,  Flower- Heller),  {'MS,  summary). 
Price,  (see  also  Cost,  under  Metal  Track),  relation  to  wood  supplies,  8. 
Preserving  processes.     (See  itnde)' Wooden  Ties.) 

Hack  railways  mentioned,  149  (151,  Marsh),  174,  175,  209,  319,  320,  321. 
Supplies  inllnencing  price,  8;  of  tie  timber  abundant,  9. 
Tie-plales.     (See  under  Metal  Track  and  Wooden  Ties.) 
"WOODEN  TIES  (348  kinds  used  in  foreign  countries): 

Compared  with  metal,  61,  122,  123,  127,  130,  134,  141,  216,  242,  260,  277,  348. 

Durability,  23,  24,  (25,  table),  (42,  recording),  (60,  under  tie-plates),  (61,  under 
chairs),  (69,  same  as  rails),  (78,  87,  creosoted),  (115,  in  Belgium),  (127, 
reduced  by  respiking),  (146,  in  Germany),  (148,  impregnated  in  Ger- 
many), (174,  in  Switzerland),  (176,  in  Spain),  (184,  in  Sweden  and 
Russia),  (200,  203,  209,  in  Australia),  (215,  217,  237,  in  India),  (271, 
United  States  of  Colombia,  lignum-vitse  and  redwood),  278. 

Fastenings,  improved,  25, 26, 30, 118. 

Hewn  vs.  sawed,  21. 

Life  of  ties.     (See  Durability. ) 

Number  and  kinds  used  iu  United  States,  13, 14. 

Old  and  young  timber  compared,  18, 22. 

Piling  method  and  value  of,  20,21. 

Preserving  processes  (30,  31, 32, 34, 69, 71, 77, 80,  (90,  in  France),  115,  134,  146,  148, 
161,  cost),  (71, 78, 87, 115, 134, 146, 148,  196,  durability  of  impregnated 
ties),  (217,  creosoted  pine  not  durable  in  India),  (246,  preserved  un- 
desirable), (91,  Bethell  process),  (70,  Brystic),  (33,  80,  82,  Burnettiz- 
ing),  (88,  superiority),  (33,  kyanizing),  (31,  vulcanizing),  (34,  specified 
cost,  Wellhouse),  (31, 32,  preserving  works). 

Price  of  wooden  ties  depressed  by  use  of  metal  ties  (78,  in  France),  169,  (217,  in- 
creased in  India). 

Sawed  rs.  Hewn,  21. 

Seasoning,  value  of,  20. 

Size,  42, 

Spikes,  effects  on  ties,  25,26,  (Davies'  locking  spike,  26),  (adhesion,  257). 

Tie-plates  (25, 27,  Post  on,  requirements,  experience  in  Germany),  (28,  30,  various 
patterns),  (60,  chairs),  87, 121, 154, 161. 

Young  and  old  timber  compared,  18,22. 
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